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ABSTRACT 
Bremsst rah lung spec t ra  resu l t ing  from bombardment o f  t y p i c a l  s p a c e c r a f t  
m a t e r l a l s  by m o n a n e r g e t i c  e l e c t r o n s  were exper imenta l l y  de termined in  the  
electron  energy  range 0.5 t o  2.5 MeV. Spectral  measurements  were made for f i v e  
ang les   o f   e lec t ron   i nc idence   us ing  a NaI(T1) spec t romete r .   I n teg ra t i on   o f   t he  
spec t ra  ove r  a l l  poss ib le  ang les  o f  i nc idence ,  w i th  subsequen t  convers ion  of 
t h e  r e s u l t  t o  dose, y i e l d e d  f o r  t h e  case of  a spher ica l  shel l ,  the bremsstrah-  
lung dose spect ra at  each e lect ron energy due t o  a u n i t  o m n i d i r e c t i o n a l  f l u x  
o f   e l e c t r o n s .  Types o f   t a r g e t   m a t e r i a l s   i n v e s t i g a t e d   a r e :  1 )  s o l i d   a l l o y  
s labs, 2) laminated   a l loys ,  and 3)  a b l a t i v e   m a t e r i a l s  backed  by a l l o y e d  
honeycomb s t ruc tu res .   S lab   t h i cknesses   o f   t he   a l l oys  T i  6A1 4 V ,  A I  7075-T6, 
and S ta in less  321 were  chosen so as t o  s t o p  2.5 MeV e lec t rons .  p remsst rah lung 
dose va lues  ins ide  spher ica l  she l l s  o f  the  ta rge t  mater ia ls  were  de termined,  
assuming the omnid i rect ional  e lect ron env i ronment  found in  synchronous orb i ts .  
For  e lect ron energ ies > 0.6 MeV the measured surface dose for 1.5 g/cm o f  t h e  
a l l o y  A1 7075-T6 i s  0.24 R/Day. E x t r a p o l a t i o n   o f   t h e s e   r e s u l t s  for t h i s  mate- 
2 
r i a l  below  0.6 MeV i n d i c a t e s  a t o t a  
From a s i m i l a r  e x t r a p o l a t i o n ,  t o t a l  
(carbon loaded phenol i c) backed by 
aluminum honeycomb i s  app rox ima te l y  
1 dose o f  approx imate ly  tw ice  th is  va lue .  
dose f o r  0.5  g/cm o f  a b l a t i v e  m a t e r i a l  2 
1.21 g /un   s ta in less  honeycomb  and 0.69 g/cm 2  2 
0.16 R/Day. 
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INVESTIGATION OF BREMSSTRAHLUNG PRODUCTION I N  SPACECRAFT  MATERIALS 
By W .  E. Dance and W. J .  Rainwater 
LTV Research Center 
I NTRODUCT I ON 
D u r i n g  f l i g h t s  i n  c e r t a i n  e a r t h  o r b i t s  s p a c e c r a f t  a r e  exposed fo r  cons id -  
e r a b l e  p e r i o d s  o f  t i m e  t o  t h e  e l e c t r o n s  i n  t h e  r a d i a t i o n  b e l t s .  An accura te  
knowledge o f  t h e  dose o f  secondary  rad ia t ion ,  o r  b remsst rah lung,  found w i th in  a 
spacecra f t  due t o  t h e  e l e c t r o n  bombardment o f  t h e  w a l l s ,  i s  r e q u i r e d  i n  o r d e r  t o  
w e i g h  t h e  p o t e n t i a l  r i s k  o f  r a d i a t i o n  i n j u r y  t o  a s t r o n a u t s  a g a i n s t  t h e  a n t i c i -  
pa ted  ga ins  o f  a p a r t i c u l a r  m i s s i o n  o r  program.  Extensive  analyt ical   programs 
a r e  a v a i l a b l e  f o r  c a l c u l a t i n g  b r e m s s t r a h l u n g  p r o d u c t i o n  i n  and a t t e n u a t i o n  by 
homogeneous s labs  o f  ma te r ia l s .  Exper imen ts  a t  LTV have  been ca r r i ed  ou t  wh ich  
y ie lded bremsst rah lung c ross  sec t ion  va lues  fo r  var ious  pure  mater ia ls  and i n -  
t e n s i t i e s  f o r  t h i c k  t a r g e t s  o f  t h e  same mater ia ls .   Us ing  these  cross  sect ion 
values the Monte Carlo codes of Berger & S e l t z e r  have g iven,  fo r  th ick  ta rge ts ,  
b remss t rah lung  in tens i t i es  wh ich  a re  i n  c lose  agreement w i th  the  va lues  measured 
a t  LTV.’ The exper imenta l   techniques  u t i l ized  in   the  above-ment ioned  bremsstrah-  
lung measurements a re  be ing  app l i ed  i n  the  p resen t  s tudy  to  i nves t i ga te  the  p ro -  
duc t ion  o f  b remsst rah lung in  compos i te  mater ia ls  such as t h e  a l l o y s  and a b l a t i v e  
ma te r ia l s  used i n   s p a c e c r a f t   c o n s t r u c t i o n .  The r e s u l t s   o f   t h e s e  measurements 
will se rve  to  subs tan t i a te  ca l cu la ted  dose r a t e s  f o r  t h e s e  t y p e s  o f  m a t e r i a l s .  
I t  i s  t he  ob jec t i ve  o f  t he  p resen t  s tudy  to determine, f rom exper imental  
spect ra,  the bremsstrah lung dose behind sh ie lds of  spec i f ic  composi te  mater ia ls  
due t o  an i n c i d e n t  o m n i d i r e c t i o n a l .  beam o f  e lec t rons .  Targets  under  s tudy  con- 
s i s t  o f  a l l o y s ,  l a y e r s  o f  d i f f e r e n t  homogeneous ma te r ia l s ,  and l a y e r s  o f  a b l a t i v e  
and honeycomb s t r u c t u r e s  such as those compr is ing  the  wa l ls  o f  a t y p i c a l  space- 
c r a f t .  The e f f e c t  o n  t h e  b r e m s s t r a h l u n g  y i e l d  o f  d i v i d i n g  homogeneous s l a b s  i n t o  
m u l t i p l e   l a y e r s  has  been i n v e s t i g a t e d .   I n   a d d i t i o n ,   t h e   e f f e c t   o f   v a r y i n g   t h e  
o r d e r  o f  l a y e r s  o f  d i f f e r e n t  p u r e  m a t e r i a l s  has been  observed. 
I n  making dose determinat ions in the present work,  the space electron 
spect ra used are those g iven by the Vet te  Model o f  t h e  t r a p p e d  r a d i a t i o n  e n v i r -  
onment. 2 
Superscr ipts  denote  corresponding  references, p. 27. 
EXPERIMENTAL MEASUREMENTS AND PROCEDURE 
Fo 
e l e c t r i c a  
than 
the  range 
sca t te red  
I n  making bremsstrahlung dose determinat ions at  the center of  a spher i ca l  
s h e l l  o f  s h i e l d i n g  m a t e r i a l  due t o  o m n i d i r e c t i o n a l  e l e c t r o n s ,  t h e  a p p r o p r i a t e  
q u a n t i t y  t o  be measured a t  t h e  d e t e c t o r  i s  t h e  number o f  p h o t o n s  p e r  u n i t  s o l i d  
ang le  emi t ted  i n  a d i r e c t i o n  w h i c h  i s  normal t o  t h e  p l a n e  o f  t h e  t a r g e t  s l a b .  
This  geometry i s  i l l u s t r a t e d   i n   F i g .  1 .  A t  each  bombarding  energy  the  photon 
y i e l d  i n  a d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  t a r g e t ,  due t o  an i nc iden t  omn id i rec -  
t i o n a l  beam o f  e l e c t r o n s ,  may be c o n s t r u c t e d  i n  t h e  l a b o r a t o r y  by va ry ing  the  
ang le  o f  i nc idence  I$ o f  t h e  beam and per forming an i n t e g r a t i o n  o f  t h e  y i e l d  o v e r  
the  angle  o f   inc idence.  From the   resu l t i ng   t o ta l   spec t ra   t he   b remss t rah lung  dose 
may then be determined  for  an assumed space e lect ron  spect rum. The general  ex- 
perimental  approach  employed in  the  p resen t  work  to  measure the bremsstrahlung 
y i e l d s  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  l i t e r a t u r e .  3 ’4  A summary o f  t h i s  method 
w i  1 1  be presented  here. The laboratory  arrangement  for  measuring  the  bremsstrah- 
l u n g   y i e l d s   i s  shown in   the   photograph  o f   F ig .  2. A monoenerget ic   e lect ron beam, 
prov ided by  a 3-MeV  an  de Graaf f  Acce le ra to r ,  was d i r e c t e d  i n t o  a c y l i n d r i c a l  
t a r g e t  chamber equipped wi th  5 -m i l  Mylar windows f o r  m i n i m i z i n g  t h e  a t t e n u a t i o n  
in   the   b remsst rah lung  rad ia t ion .  The bremsstrahlung  spectrometer was a dual 
Nal (T I )  c rys ta l  an t ico inc idence ar rangement ,  w i th  a 5.9 cm X 15.2 cm long  cen te r  
crysta l   surrounded by an anti-Compton  annulus 23 cm in  d iameter  and 30 cm long. 
The d e t e c t o r   s o l i d   a n g l e  was 1.31 X 10 s r .  -4 
r e l e c t r o n  beam c u r r e n t  i n t e g r a t i o n  t h e  t a r g e t  and t a r g e t  chamber were 
l l y   i s o l a t e d   f r o m   t h e   a c c e l e r a t o r  beam tube.  For beam c u r r e n t s   g r e a t e r  
A,  a c u r r e n t   i n t e g r a t o r  was used.  For  determining beam c u r r e n t s   i n  
1 0 - l ’   t o  A ,  a S i  ( L i )   d e t e c t o r  was used t o   m o n i t o r   t h e   l e c t r o n s  
by a t h i n  V Y N S ” f i  l m  i n s e r t e d  i n t o  t h e  beam as i t  passed  through a sca t -  
-L 
t e r i n g  chamber j u s t  upstream  from  the  bremsstrahlung  target chamber. As t he  
t h i c k n e s s  o f  t h e  s c a t t e r i n g  film was approx imate ly  10 pg/cm2,the  energy  loss i n  
the film and spa t ia l  sp read  o f  t he  beam on the target  in  the bremsstrah lung cham- 
o u t  a t  c u r r e n t s  
i o n  o f  t h e  
i ne the energy 
b e r  w e r e  n e g l i g i b l e .  C a l i b r a t i o n  o f  t h i s  beam moni to r  was c a r r i e d  
i n   t h e  lo-’ A range  us ing   the   cur ren t   in tegra tor .   Energy   ca l ib ra t  
beam  was a l s o  c a r r i e d  o u t  by use o f  t h e  m o n i t o r  d e t e c t o r  t o  d e t e r m  
* Union Carb ide Plast ics  Company 
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FIGURE 1. Experimental geometry. 
BEAM 
MON ITOR 
CHAMBER ~ 
TARGET 
CHAMBER 
, e 
"~I 
SPECTROMETER 
FIGURE 2. Laboratory arrangement for bremsstrahlung measurements. 
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o f  t h e  e l e c t r o n s  e l a s t i c a l l y  s c a t t e r e d  f r o m  t h e  VYNS film. Reference t o  t h e  
625-keV in te rna l  convers ion  1 ine  f rom Cs137  and the  482-keV, 972-keV and 1.68- 
MeV l i n e s  f r o m  B i 2 0 7  p r o v i d e d  t h e  e n e r g y  c a l i b r a t i o n  o f  t h e  S i  ( L i )  d e t e c t o r .  
The e l e c t r o n  beam spot  d iameter  on  the  target was less  than 0.4 cm a t  a l l  
e n e r g i e s   f o r  bombardment o f  t h e  homogeneous targets.   For  bombarding  the nonho- 
mogeneous a b l a t i v e  m a t e r i a l s ,  i n  o r d e r  t o  a v e r a g e  t h e  b r e m s s t r a h l u n g  y i e l d  o v e r  
the  inhomogeneities i n   t h e   t a r g e t s ,   t h e  beam s p o t   s i z e  was ipc reased   to  1.3 cm 
in  d iamete r .  As a check  on t h i s  method o f   averag ing ,   the   smal le r   d iameter  beam 
was run on s e v e r a l  d i f f e r e n t  a r e a s  o f  t h e  a b l s t o r s  and t h e  r e s u l t i n g  p u l s e  
height   spect ra  averaged.  The two  methods  were i n  good  agreement. 
The charac ter is t i c  spec t rometer  response was removed from the bremsstrah- 
lung pu lse  he igh t  spec t ra  by a v a r i a t i o n  o f  t h e  i t e r a t i v e  t e c h n i q u e  d e s c r i b e d  
e 1 sewhe re. 5 '6  To remove x - ray  background e f fec ts  caused by m u l t i p l e  s c a t t e r i n g  
o f  e l e c t r o n s  by the target  and chamber wal ls,  bremsstrahlung runs were made w i t h  
a tantalum  absorber  p laced  between  the  target and d e t e c t o r .  The r e s u l t i n g   b a c k -  
ground spectrum for a given run was then subtracted f rom the spect rum taken wi th-  
out   he  absorber .  The geometrical  arrangement o f   t a r g e t ,   a b s o r b e r ,  and d e t e c t o r  
was such as t o  a l l o w  o n l y  t h e  beam s p o t  t o  be shieldect a t  t h e  d e t e c t o r  a p e r t u r e .  
The t a r g e t s  bombarded i n  t h i s  s t u d y ,  l i s t e d  i n  T a b l e  I ,  f a l l  i n t o  t h e  
fo l l ow ing   ca tegor ies :  ( I )  a l l oys ,   (2 )   l aye rs  of a g i v e n   a l l o y ,  ( 3 )  l ayers  o f  
d i f f e r e n t  a l l o y s ,  ( 4 )  l a y e r s   o f   d i f f e r e n t   p u r e   m a t e r i a l s ,   ( 5 )   l a y e r s   o f   a b l a t i v e  
m a t e r i a l s  and a l l o y  honeycomb w a l l   s t r u c t u r e s .  The t o t a l   t h i c k n e s s  o f  t h e   t a r -  
g e t s   i n   c a t e g o r i e s  ( 1 )  through ( 4 )  was chosen t o  equal  the mean range o f  e l e c t r o n s  
i n  t h e  m a t e r i a l  f o r  t h e  maximum bombarding  energy,  which was 2.5 MeV, w i t h  t h e  
excep t ion  o f  Ta rge t  No. 2 and No. 4,which  have  thicknesses  equal t o  1.5 t imes 
the mean range o f  2.5 MeV electrons.  Thicknesses  were  determined  from  the  values 
o f  the e lect ron range as g iven by  Berger & S e l t ~ e r , ~  u s i n g  t h e  e f f e c t i v e  a t o m i c  
number f o r  each m a t e r i a l .  I n  t h e  case o f   t he   ab la t i ve   ma te r ia l s ,   wh ich   were  
backed by a l l o y  honeycomb wa l l  s t ruc tu res ,  t he  th i ckness  o f  t h e  a b l a t i v e  l a y e r  
was equal t o  t h e  range o f  2.5 MeV e lec t rons  fo r  Ta rge t  No. 12, and  equal t o  t h e  
range of 1.0 MeV e l e c t r o n s  fo r  Targets 10 and 1 1 .  i n fo rmat ion   regard ing   the  
composi t ion o f  t h e  a b l a t i v e  T a r g e t s  10, 1 1 ,  and 12 was repor ted  by Hendr icks,  
e t .  a1.8 from an ea r l i e r  s tudy  o f  b remss t rah lung  p roduced  in  these  ma te r ia l s .  
4 
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TABLE I 
L IST  OF TARGETS 
TARGET NO. 
1 
2 
3 
4 
6 
7 
8 
5-  1 
5-2 
5-3 
5-4  
5-5 
5-6 
9 
10 
1 1  
12 
MATER I AL TH I CKNESS (g/cm2) 
T i ,  6A1, 4 V  1.68 
T i ,  6A1,  4 V  2.34 
T i ,  6A1,  4 V  1.68 (8 l aye rs )  
T i ,  6A1 ,  4 V  2.34  (8  layers) 
S ta in less   S tee l  321 1.59 
A 1  7075-T6 1.54 
A 1  7075-T6 1.54 ( 8   l a y e r s )  
2  2 
2  2 
T i  (1.42 g/cm )/V  (.061  g/cm2)/A1  (.096 g/cm ) 
T i  (1.42 g/cm ) / A I  (.096 g/cm2)/V (.061 g/cm ) 
A1 (.096  g/cm2)/Ti  (1.42  g/w2)/V  (.061 g/cm2) 
A 1  ( -096  g/cm )/V  (.061  g/cm2)/Ti  (1.42 g/cm2) 
V (.061  g/cm2)/Ti  (1.42  g/cm2)/A1  (.096 g/cm2) 
v (.061 g/cm )/A1  (.096  g/cm2)/Ti  (1.42 g/cm2) 
T i  , 6A1 , 4 V  (0.55 g/cm2)/A1  7075-T6  (0.51  g/cm2)/ 
S ta in less  321  (0.51 g/cm2) 
Carbon pheno l ic  ab la to r  (0 .49  g/cm ) / S t a i n l e s s  s t e e l 2  
honeycomb (1.21  g/cm2)/alumi num honeycomb (0.69 g/cm ) 
F i b e r g l a s s  a b l a  o r  (0.49 g/cm ) / S t a i n l e s s  s t e e l  honey- 
comb ( 1  -21 g/cm )/aluminum honeycomb (0.69 g/cm2) 
Carbon p h e n o l i c  a b l a t o r  (1.38 g/cm ) / S t a i n l e s s  s t e e l 2  
honeycomb (1.21  g/cm2)/aluminum honeycomb (0.69 g/cm ) 
2 
2 
a 
$ 
2 
2 
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E lect ron bombard ing energ ies for  Targets  1 through 4, and 6 through 9 
( a l l o y s  and l a y e r s   o f   a l l o y s )  were 0.6, 1.0,  and  2.5 MeV. I n  a d d i t i o n ,  a t  2.5 
MeV, ta rge ts  5-1 through 5-6 were  run t o  o b s e r v e  t h e  e f f e c t  o f  v a r y i n g  t h e  o r d e r  
o f  l a y e r s  o f  T i ,  A l ,  and V.  Target 12, w i th   t he   t h i cke r   ca rbon   pheno l i c   ab la to r  
(1.38 g/cm ) ,  was r u n  a t  2.5 MeV and 1 .O MeV, and Targets  10 and 1 1 ,  w i t h  t h e  
l e s s e r  t h i c k n e s s  o f  a b l a t i v e  m a t e r i a l  (0.49 g/cm ) ,  were  run a t  1.0 MeV and 
0.5 MeV. 
2 
2 
The ang le  o f  i nc idence  o f  t h e  e l e c t r o n  beam  was va r ied  f rom 0 = 0" t o  
4 = 75" by r o t a t i n g  t h e  t a r g e t  a b o u t  i t s  a x i s  by means o f  a c a l i b r a t e d  v e r n i e r  
adjustment.   Figure 3 shows f o u r   o f   t h e  homogeneous a l l o y   t a r g e t s   p o s i t i o n e d   i n  
t h e   s c a t t e r i n g  chamber.  The a b l a t i v e  and honeycomb ta rge ts   a re  shown i n  F i g .  4. 
' A d e t a i l e d   a n a l y s i s   o f   t h e   e x p e r i m e n t a l   e r r o r s   i n   s p e c t r a l   d a t a   o b t a i n e d  
by  the  present  echnique i s  g i ven   i n   re fe rence  4. The e s t i m a t e d   o v e r a l l   e r r o r  
i n  t h e  p r e s e n t  s p e c t r a l  measurements i s  +15% in  the  reg ion  o f  pho ton  energy  
O . l 5 E  < k < 0.75E,  where E i s  the bombard ing energy,  for  the a l loy targets ,  and 
+20% f o r   t h e   a b l a t i v e   t a r g e t s .  The h i g h e r   u n c e r t a i n t i e s   f o r   t h e   a b l a t i v e  
ta rge ts  and f o r  t h e  p o r t i o n  o f  t h e  s p e c t r a  beyond  0.7% f o r  t h e  a l l o y  t a r g e t s  
i s  due to   t he   i nc reased   s ta t i s t i ca l   f l uc tua t i on   o f   t he   da ta .   Pho tons   f rom  the  
h igh  energy  po r t i on  o f  t he  spec t ra  where  the  s ta t i s t i cs  a re  poor ,  however,  do 
n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  dose, as t h e  r e l a t i v e  p h o t o n  y i e l d  i s  l o w  
i n   t h i s   r e g i o n .  The f lux - to -dose  convers ion   a t  a g i ven   e lec t ron   ene rgy   i n t ro -  
duces  no a d d i t i o n a l  e r r o r  i n t o  t h e  r e s u l t s .  Due t o  t h e  1 imi ted number o f  
bombarding  energies  used i n  t h e  i n v e s t i g a t i o n  t o  d a t e  i n  e s t i m a t i n g  t h e  shape 
o f  the  dose-versus-e lec t ron  energy  curves ,  no  er ro r  1 i m i t s  have been assigned 
t o  t h e  p r o j e c t e d  t o t a l  dose est imates which were obta ined by in tegrat ing over  
these curves. 
6 
FIGURE 3. Alloy target slabs positioned in scattering chamber. 
FIGURE 4. Ablative and alloy honeycomb targets. Shown are Target 10 (carbon 
phenolic, 0.49 g/cm2 / Stainless honeycomb, 1.21 g/cm2 / aluminum 
honeycomb, 0.69 g/cm2) at the left, the first layer of Target 11 
(fiberglass honeycomb reinforced ablator at center), and the first 
layer of Target 12 (carbon phenolic ablator, 1.38 g/cm2) at the 
right. 
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DATA ANALYSIS 
For 
on the pu 
o b t a i n i n g  
removal o f  t h e  e f f e c t  o f  the bremsstrahlung spectrometer response 
l se  he igh t  spec t ra ,  and for per fo rming  o ther  opera t ions  necessary  in  
s p e c t r a l  and  ose in fo rmat ion ,  a F o r t r a n  I V  program was w r i t t e n  
t a  t o  dose a t  each value o f  t h e  bombarding 
l o w i n g  o p e r a t i o n s  a r e  a p p l i e d  t o  t h e  i n i t i a l  
which conver ts  the pulse height  da 
energy .   Wi th   th is   p rogram  the   fo l  
pu lse height  data:  
( I )  The pu lse   he igh t   spec t ra  
a n g l e  a r e  i n t e g r a t e d  o v e r  a n g l e  o f  
d i f f e r e n t i a l  i n  p h o t o n  e n e r g y  and s o l i d  
e lec t ron  i nc idence  and over  the  sur face  
o f  a sphere to  g i ve  the  pu lse  he igh t  spec t rum o f  t he  b remss t rah lung  due t o  a 
u n i t  o m n i d i r e c t i o n a l  f l u x  o f  e l e c t r o n s  i n c i d e n t  o n  a s p h e r i c a l  s h e l l  o f  t h e  
t a r g e t  m a t e r i a l .  
(2)  Using  the  response  matr ix  of   the  bremsstrahlung  spectrometer,a  cor-  
r e c t i o n  f a c t o r  i s  computed as a func t i on  o f  pho ton  energy  by t h e  method o f  
reference 5, and a p p l i e d  t o  t h e  p u l s e  h e i g h t  s p e c t r u m  o f  ( I )  above t o  g i v e  t h e  
energy  spectrum i n  photons/MeV-electron. 
( 3 )  Photon  f lux - to -dose  convers ion   fac to rs   a re   app l   ied   to   the   b remsst rah-  
lung energy  spec t rum to  y ie ld  a dose  spectrum. 
( 4 )  The dose  spectrum i s  i n teg ra ted   ove r   pho ton   ene rgy   t o   g i ve   t he   spec i f i c  
dose f o r  a g iven ta rge t  a t  the  spec i f ied  bombard ing  energy ,  in  R/e 
The i n t e g r a t i o n  o f  s t e p  ( 1 )  above i s  c a r r i e d  o u t  f r o m  t h e  f o l  
s i d e r a t i o n s :  The labo ra to ry   spec t ra  measured f o r  a g i v e n   e l e c t r o n  
the  present  geometry  (Fig.  1 )  may be expressed by  the  func t ion  g(k  
k i s   the  photon  energy,  and $ i s  t he  e lec t ron  ang le  o f  i nc idence .  
e c t  ron/cm . 
owing con- 
energy E i n  
$ ,E), where 
The spectrum 
2 
a t  t h e  d e t e c t o r  due t o  a u n i t  u n i d i r e c t i o n a l  f l u x  i s  g(k,$,E)  cos$, o r  t h a t  due 
t o  e l e c t r o n s  s t r i k i n g  t h e  p r o j e c t e d  a r e a  o f  a sphere  wh ich  is  normal  to  the i r  
d i r e c t i o n   o f   a p p r o a c h .  (A d e t a i l e d  d i s c u s s i o n  o f  t h e  c o n c e p t  o f  u n i d i r e c t i o n a l  
and o m n i d i r e c t i o n a l   f l u x  i s  g iven  by Evans ’). S i n c e   t h e   o m n i d i r e c t i o n a l   f l u x  
0 i s  equal t o   t h e   i n t e g r a l   o f   t h e   u n i d i r e c t i o n a l   f l u x  n taken  over   the 
sur face  o f  the  sphere ,  o r  
0 
4= 
J n dw = 0, 
0 
0 
8 
the photon spectrum a t  t h e  c e n t e r  o f  a sphere due t o  a u n i t  o m n i d i r e c t i o n a l  
e l e c t r o n  f l u x  i s  
g(k,E) 
Since dw = 2r s in4  d$, t he  sol 
g(k,E) = 2a 
which i s  t he   resu l t   ob ta ined  i 
= 1 g(k,$,E)  cos4 dw . 
i d  a n g l e  a v a i l a b l e  between 4 and $ + d$, 
a/2 
1 g(k,@,E)  sin4  cos4  d4, 
n steps  (1) and (2)  above. 
0 
The s p e c i f i c  dose  spectrum  D(k,E)  obtained  in  step  (3) i s  then 
where y ( k )  i s  the   f lux - to -dose  convers ion   func t ion .   Thedose  cont r ibu t ion   fo r  
a m o n o e n e r g e t i c  u n i t  o m n i d i r e c t i o n a l  f l u x  o f  e l e c t r o n s  f r o m  s t e p  (4)  i s  then 
The to ta l  b remsst rah lung dose a t  t h e  c e n t e r  o f  a sphere due t o  a p a r t i c u -  
l a r   e lec t ron   env i ronmen t   @(E)  i s  thus 
D = I D(E) 0 (E) dE. 
The f u n c t i o n  D(E) i s  determined  exper imental ly by measur ing  thedosefor  a number 
o f  va lues  o f  E over the energy range o f  i n t e r e s t .  
The f lux - to -dose convers ion  curve  used in  (3 )  was taken from Rockwel l 's  
s h i e l d i n g  Manual" and i s  g i v e n   i n   F i g .  5. The space o m n i d i r e c t i o n a l   e l e c t r o n  
spec t rum app l ied  to  the  spec i f i c  dose va lues  fo r  de te rm ina t ion  o f  t h e  t o t a l  dose 
as a f u n c t i o n  o f  bombarding  energy i s  t h a t  o f  V e t t e ' s  e m p i r i c a l  AE3 Model o f  t h e  
t rapped rad iat ion env i ronment ,  o f  re fe rence 2, f o r  synchronous equator ia l  orb i ts ,  
which l i e  on  the  magnet ic  shel l  L = 6 . 6 .  The a l t i t u d e s  o f  t h e s e  o r b i t s  a r e  
around  19,300 n a u t i c a l   m i l e s .  The AE3 spectrum, shown i n   F i g .  6 ,  g i v e s   t h e   d i f -  
f e ren t i a l  f l uxes  ave raged  ove r  l oca l  t ime ,  fo r  cond i t i ons  o f  so la r  minimum, and 
f o r  a va lue  of 1.00 f o r  V e t t e ' s  m a g n e t i c  v a r i a b l e  B/B . 
0 
9 
I 
0 .01  0.1 1 .o - 10.0 
PHOTON  ENEP.GY (MeV) 
FIGURE 5 .  Gammakflux-to-dose  conversion  (reference 1 1 )  used i n  dose  determi- 
na t ions .  
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ELECTRON ENERGY (MeV) 
FIGURE 6. D i f f e r e n t i a l   e l e c t r o n   s p e c t r u m   f r o m   V e t t e  AE3 Model f o r  synchronous 
o r b i t s   ( r e f e r e n c e  2 ) .  The  spectrum  gives  the  f lux  averaged  over 
l o c a l  time f o r  s o l a r  minimum. 
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RESULTS OF MEASUREMENTS 
The computer  outputs for t h e  v a r i o u s  t a r g e t s  o f  T a b l e  I a r e  g i v e n  i n  t h e  
Appendix.  These r e s u l t s   a r e   p r e s e n t e d   i n   o r d e r   o f   i n c r e a s i n g   i n c i d e n t   e n e r g y .  
The f i r s t  page o f  t h e  p r i n t - o u t  for each ta rge t  1 is ts  the 3-channel  averages 
for the weighted bremsstrahlung pulse height spectrum obtained for  each e l e c t r o n  
ang le   o f   inc idence.  These are  the  net   normal ized  spect ra  (background removed) 
i n  u n i t s  o f  photons/MeV-sr-electron. The negat ive  values  which  appear  in a few 
o f  t h e  p u l s e  h e i g h t  s p e c t r a  a t  t h e  l a r g e s t  a n g l e s  o f  i n c i d e n c e , p a r t i c u l a r l y  f o r  
the low-Z a b l a t i v e  m a t e r i a l s ,  a r e  due t o  t h e  l a r g e  s t a t i s t i c a l  f l u c t u a t i o n s  i n  
the  da ta  fo r  t he  l ow  pho ton  y ie lds  nea r  the  h igh  energy  cu t -o f f  i n  the  spec t ra .  
I n  t h i s  r e g i o n  t h e  y i e l d  i s  o f  t h e  same o r d e r  as  the  background,  and  hence  back- 
g round  subt rac t ion  can r e s u l t   i n   n e g a t i v e   v a l u e s   i n   t h e   n e t   s p e c t r a .  The column 
headings  on  the t h i r d  l i n e  a r e  t h e  v a l u e s  o f  0,  t h e  a n g l e  o f  i n c i d e n c e ,  i n  de- 
grees. On the  remaining  pages,  for   each  target and  bombarding  energy,  are  found 
as a func t i on  o f  t he  channe l  number, the  spec t rometer  energy  ca l ib ra t ion  da ta ,  
t h e  c o r r e c t i o n  f a c t o r  w h i c h  i s  a p p l i e d  t o  t h e  p u l s e  h e i g h t  d a t a  f o r  d e t e c t o r  
response  removal to   g ive   energy   spec t ra ,   the   to ta l   b remsst rah lung  energy   spec t ra  
(3-channel  average) due t o  a u n i t  o m n i d i r e c t i o n a l  e l e c t r o n  f l u x  a t  t h e  c e n t e r  
o f  a sphere,  the gamma f l ux - to -dose  convers ion  fac to rs ,  t he  dose  spectrum,  and 
t h e  t o t a l  dose  (dose  spect rum  in tegrated  over   photon  energy)   a t   the  par t icu lar  
e l e c t r o n  bombarding  energy. 
From the appendix then, the energy spectrum for any i nc iden t  ang le  may be 
ob ta ined  by  mu l t i p l y ing  the  column g i v i n g  t h e  p u l s e  h e i g h t  s p e c t r u m  f o r  t h a t  
angle  by  the  column o f  c o r r e c t i o n  f a c t o r s  g i v e n  i n  t h e  second p a r t  o f  t h e  t a b l e .  
The bremsst rah lung spec t ra ,  in tegra ted  over  the  ang le  o f  e lec t ron  inc idence,  
a re  shown i n   F i g s .  7 through 10 f o r  t h e  a l l o y s  S t a i n l e s s  321, T i  6A1 4 V ,  
A I  7075-T6,  and the   carbon  pheno l ic   and  f iberg lass   ab la t i ve   mater ia ls   (backed 
by t h e  s t a i n l e s s  and  aluminum honeycomb w a l l  s e c t i o n s )  f o r  t h e  v a r i o u s  bombard- 
ing  energ ies  in   the  range 0.5 t o  2.5 MeV. The s p e c t r a  f o r  t h e  a l l o y s  a r e  t y p i c a l  
i n  shape f o r  a l l  t h e  a l l o y  t a r g e t s  i n v e s t i g a t e d ,  i n c l u d i n g  t h o s e  o f  l a y e r e d  con- 
s t r u c t i o n ,  such as Targets 3, 4, 8,  and 9. The a n g u l a r  d i s t r i b u t i o n s  o f  t h e  
photons   emi t ted   in  a d i r e c t i o n  normal t o  t h e  t a r g e t ,  showing t o t a l   c o u n t s   p e r  
coulomb as a f u n c t i o n  o f  a n g l e  f o r  t h r e e  t a r g e t s  a t  v a r i o u s  b o m b a r d i n g  e n e r g i e s  
ranging  f rom  0.5  to  2.5 MeV, a re  shown i n  F i g s .  1 1  through 13. 
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FIGURE 7. Bremsstrahlung  spectra from the   ab la t ive   ta rgets . ,   Nos .  IO and 1 1 ,  
i n t e g r a t e d  o v e r  e l e c t r o n  a n g l e  o f  inc idence,  for 0.5 MeV bombarding 
energy . 
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Bremsstrahlung  spectra   f rom  a l loy   targets ,  Nos. 6 and 7 ,  i n t e g r a t e d  
o v e r  e l e c t r o n  a n g l e  o f  i n c i d e n c e ,  f o r  0 . 6  MeV bombarding  energy. 
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FIGURE 10. Bremsstrahlung  spectra  from  Targets 6 ,  7 ,  and 12, i n t e g r a t e d   o v e r  
e l e c t r o n  a n g l e  o f  i n c i d e n c e  f o r  2 . 5  MeV bombarding  energy. 
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FIGURE 1 1 .  Bremsst rah lung  y lc ld  as a f unc t i on  o f  e lec t ron  ang le  of  Incidence, 
from Targets 6 and 7 ,  a t  0.6 MeV bombardtng anergy, and f rom target  
IO a t  0.5 MeV bombarding energy. 
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from Targets 6 ,  7, and 10, a t  1.0 MeV bombarding  energy. 
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These d i s t r i b u t i o n s  were  ob ta ined by  ro ta t ing  the  ta rge t  and spectrometer through 
the same angle,  i .e .  by vary ing the angle of  inc idence and hold ing the detector  
ax is   on  the  normal   to   the  target   p lane.  The targets   corresponding  to   these  curves 
a re  rep resen ta t i , ve  o f  t he  l owes t  e f fec t i ve -Z  ma te r ia l ,  t he  h ighes t  Z ,  and one i n -  
te rmed ia te  2 -va lue  in  the  range o f  a tomic  numbers o f  t h e  t a r g e t s  l i s t e d  i n  T a b l e  I .  
To o b t a i n  t h e  t o t a l  dose f o r  a g i ven  ta rge t  resu l t i ng  f rom the  Ve t te  space 
electron environment requires knowledge of  the bremsstrahlung produced by e lec -  
t rons  o f   energ ies  ranging  f rom a few k i l o v o l t s  up to  app rox ima te l y  2.5 MeV.  As 
the  p resen t  i nves t i ga t i on  i s  l i m i t e d  t o  t h r e e  bombarding  energies  above  0.6 MeV 
f o r  t h e  homogeneous ta rge ts  and a l l o y s ,  and t o  two energies above 0.5 MeV f o r  
t h e  a b l a t i v e  t a r g e t s ,  t h e  dose due t o  e l e c t r o n s  w i t h  e n e r g y  above the  minimum 
bombarding  energy will be g i v e n  f o r  each t a r g e t ,  based on the dose a t  those bom- 
bard ing  energ ies.  The dose per electron/cm2-vs-bombarding energy  from  the Appen- 
d i x  i s  shown f o r   T a r g e t s  6, 7, and 10 i n   F i g .  14. From the  present   exper imenta l  
data the exact shape o f  t h e  dose curve vs.  e lectron energy below 0.5 MeV i s  n o t  
es tab l i shed,  as the data i s  l i m i t e d  t o  2 o r  3 bombarding  energies  above 0.5 MeV. 
However, f rom  the   resu l ts   o f   p rev ious   b remsst rah lung  exper iments   in   th is   labora-  
t o r y  f o r  normal  incidence, an e s t i m a t e  o f  t h e  shape and p r o j e c t i o n  o f  t h e  c u r v e  
t o  lower  bombarding  energies  can be made for   the  a l loy  targets .   For   example,  i f  
the  experimental power  law prev ious ly   ob ta ined,   re fe rence 4 ,  r e l a t i n g  t h e  t o t a l  
bremsstrah lung energy emi t ted in  the forward d i rect ion t o  the  inc ident  energy  
f o r  low-Z  pure  materials i s  assumed fo r  t he  a l l oys  o f  t he  p resen t  s tudy ,  an e s t i -  
mate o f  the  dose 
be t h a t  shown i n  
the  energy  range 
f rom the ext rapol  
g ies  between  0.4 
vs-bombarding energy curve using the Vette AE3 spectrum would 
F ig .  15, f o r   T a r g e t s  6,  7, and  10. The s o l i d  1 ines  represent 
o f  the present  exper iment ,  and the dashed l i n e s  a r e  computed 
a ted   reg ions   o f   F ig .  14. As can be seen e lect rons  hav ing  ener-  
and 0.6 MeV are expected to  make t h e  g r e a t e s t  c o n t r i b u t i o n  t o  
the dose o f  e l e c t r o m a g n e t i c  r a d i a t i o n  f o r  t h e  e l e c t r o n s  i n  V e t t e ' s  s y n c h r o n o u s  
o r b i t .  A t  0.1 MeV and aga in   a t  1.6 MeV the  dose i s  seen t o  be down t o  a p p r o x i -  
mately 10 t o  20% o f  i t s  peak value,  depending on t h e  m a t e r i a l  o f  t h e  t a r g e t .  
The r e s u l t s  shown i n  F i g .  1 4  inc lude  the  maximum and  minimum values  in  the  range 
of  dose va lues  ob ta ined fo r  the  comple te  se t  o f  ta rge ts ,  f rom the  carbon pheno l ic  
t a r g e t   ( e f f e c t i v e  2 Q 8 )  t o  t h e  s t a i n l e s s  s t e e l  ( e f f e c t i v e  Z - 26) .  The dose 
values  for   the  remaining  targets  appear  in  the  Appendix.  These va lues,   g iven 
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FIGURE 14. Bremsstrahlung dose per  e lectron/cm2  f rom  Targets 6 ,  7,  and 10 as 
a f u n c t i o n  o f  e t e c t r o n  bombarding  energy. The dashed l i nes  a re  the  
ext rapolated por t lons of  the curves,  for  the energy reg ion outs ide 
the  energy  range  of  the  present measurements. I n t e g r a t i o n  o f  t h e  
bremsstrahlung dose was f o r  E > 35 keV a t  0.5 and 0.6 MeV bombard- 
ing energies and f o r  E > 123 kaV a t  2.5 MeV. 
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FIGURE 15. Est imated dose curves for Targets 6 ,  7 ,  and  10  in,   the  electron 
cnJ.ironment  given by t h e   V e t t e  AE3 Model. The  dashed por t ions  o f  
the   curves  are   the   extrapolat ions  to   energies   be low  the   range of 
the  present  measurements. 
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i n  R/electron/cm2, are thus the dose c o n t r i b u t i o n s  a t  t h e  c e n t e r  o f  a sphere 
f o r  u n i t  o m n i d i r e c t i o n a l  f l u x e s ,  o f  t h e  s p e c i f i e d  bombarding energies. 
By i n t e g r a t i n g  t h e  c u r v e s  o f  F i g .  15 ove r  e lec t ron  energy ,  an e s t i m a t e  o f  
the do% r a t e  a t  t h e  c e n t e r  o f  a s p h e r i c a l  s h e l l  composed o f  these mater ia ls  i s  
obtained.  This  has been done f o r  most o f  t h e  t a r g e t s ,  and the  est imated  dose 
ra te  va lues  based on the present data and e x t r a p o l a t i o n  t o  l o w e r  e n e r g i e s  a r e  
l i s t e d  i n  T a b l e  I I  f o r  two electron  energy  increments.  The f i r s t  column o f  
values corresponds t o  an i n t e g r a t i o n  f r o m  0 .6  t o  2.5 MeV, w h i l e  t h e  second 
column  corresponds t o  t h a t  f r o m  z e r o  t o  2.5 MeV. The h ighes t   es t imated  dose 
ra te   f rom  the  0-2.5 MeV i n t e g r a t i o n   i s  seen t o  be 8.6 x R/sec o r   app rox i -  
mate ly  0.75 R/day f o r  t h e  S t a i n l e s s ,  w h i l e  t h e  l o w e s t  i s  0.15  R/day f o r  t h e  
' carbon pheno l ic  ab la to r  backed by t h e  s t a i n l e s s  and aluminum honeycombs. 
The comparison a t  2.5 MeV o f  the  pu lse  he igh t  spec t ra  f rom ta rge ts  con- 
s i s t i n g  o f  l a y e r s  o f  p u r e  T i ,  A I ,  and V i n  t h i c k n e s s e s  p r o p o r t i o n a l  t o  t h e i r  
abundance i n  t h e  a l l o y  T i  6A1 4 V  i n d i c a t e d  t h a t ,  w i t h i n  t h e  e r r o r  l i m i t s  o f  
t h e  e x p e r i m e n t ,  v a r y i n g  t h e  o r d e r  o f  t h e  l a y e r s  o f  t h i s  t a r g e t  has l i t t l e  e f f e c t  
on the  dose a t   t h i s   e l e c t r o n   e n e r g y .   T h i s   r e s u l t   m i g h t  be expected, as i n  t h i s  
case the  dominant   bremsstrah lung-producing  layer   (and  a lso  a t tenuat ing  layer)  
i s  the  T i ,  and the  th i ckness  o f  t he  o the r  two layers  i s  on l y  a s m a l l  f r a c t i o n  
o f  t h a t  o f  t h e  T i  l aye r .  Dose va lues   a t  2.5 MeV f o r  t h e  s i x  t a r g e t  c o n f i g u r a -  
t i o n s   v a r i e d  by  about 9%, ranging  f rom 1.44 x R/electron/cm2  to 1.57 
x R/electron/cm . 2 
Comparison o f  t h e  dose va lues  f rom the  so l  id  ta rge ts  and ta rge ts  o f  equa l  
t h i ckness  compr i sed  o f  e igh t  i den t i ca l  l aye rs  o f  t he  same m a t e r i a l  show t h a t ,  a t  
each o f  t h e  bombarding  energies 0 . 6 ,  1.0, and 2.5 MeV, l a y e r i n g  has l i t t l e  e f f e c t  
on the  bremsstrahlung  observed  at  tl.2 de tec to r .  From the   da ta   in   the   Append ix  
i t  i s  seen t h a t  dose values from the layered targets were 24 t o  10% higher  than 
f r o m  t h e  s o l i d  t a r g e t s  o f  t h e  same m a t e r i a l .  
The comparison o f  t he  b remss t rah lung  f rom the  two  ab la t i ve  ma te r ia l s  
(Targets  IO and 1 1 )  i n d i c a t e s  t h a t  t h e  c o n t r i b u t i o n  t o  dose a t  0 . 5  MeV bombard- 
ing  energy  is  on ly  about  5% g rea te r  f rom the  f i be rg lass  ab la to r  t han  f rom the  
carbon  pheno l ic   ab la to r ,   fo r   equa l   th icknesses   in  g/cm . A t  1.0 MeV bombarding 
energy the dose f r o m  t h e  f i b e r g l a s s  i s  12% grea te r .  
2 
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TABLE I I 
BREMSSTRAHLUNG  DOSE ESTIMATED FROM EXTRAPOLATION 
OF PRESENT  EXPERIMENTAL  DATA 
TARGET NO. 
1 
6 
7 
8 
9 
10 
1 1  
12 
R/Day  R/Day 
0.34 
0.34 
0.37 
0.36 
0.39 
0.24 
0.27 
0.35 
0. og 
0.11 
0. IO 
0.68 
0.62 
0.73 
0.70 
0.75 
0.47 
0.53 
0.66 
0.15 
0. I6 
0.20 
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CONCLUSIONS 
As ment ioned ear l ie r ,  the  measurement o f  absolute bremsstrah lung dose rates 
depends upon e s t a b l i s h i n g  t h e  n a t u r e  o f  t h e  dose-vs-bombarding energy curve f o r  
t he  spec ' i f i c  ma te r ia l s .  The lowest  bombarding  energy for   which  bremsstrah lung 
measurements are repor ted here,  which is  0 .6 MeV f o r  t h e  a l l o y  m a t e r i a l s  and 
0 ; s  MeV f o r  t h e  a b l a t i v e  m a t e r i a l s ,  o c c u r s  a t  an energy s l i g h t l y  g r e a t e r  t h a n  
the  est imated  peak  in   the dose  curves  (Fig. I S ) .  The estimated  bremsstrah- 
lung  energy  curve, shown i n  F i g .  16, was obtained  by  taking  as  an  approximation 
to  the  omn id i rec t i ona l  case  the  to ta l  ene rgy  rad ia ted  i n  the  fo rward  d i rec t i on  
as  measured p r e v i o u s l y  f o r  normal  inc idence f rom targets  of  pure i ron,  re ference 
4, and f o l d i n g  i n  t h e  V e t t e  AE3 e l e c t r o n  spectrum. Based on  such approximations 
and t h e  p r e s e n t  a l l o y  d a t a  f o r  t h e  1 im i ted  number o f  e lec t ron  energ ies  (deno ted  
by  arrows i n  Fig. 16) t h e   p r o j e c t e d   t o t a l  dose f o r  t h e  S t a i n l e s s  S t e e l  i n  t h i s  
electron  environment i s  approx imate ly  0.8 R/day. As t h i s   v a l u e  i s  s i g n i f i c a n t  
i n  terms of  the dose which might be permissible dur ing extended manned f l i g h t s ,  
the  requ i rement  fo r  add i t iona l  measurements a t  ene rg ies  c lose  to  and below  the 
estimated dose peak  and a t  l e a s t  one energy between 1.0 and 2.0 MeV becomes 
necessary i f  one i s  to  subs tan t ia te  these es t imates  by d i r e c t  measurement. 
The ch ie f  va lue  o f  exper imen ta l  da ta  f rom a s p e c i a l i z e d  s i t u a t i o n  such as 
tha t  ob ta ined in  the  present  s tudy  fo r  b remsst rah lung produc t ion  in  compos i te  
m a t e r i a l s  l i e s  i n  i t s  t e s t i n g  o f  t h e o r e t i c a l  o r  a n a l y t i c a l  methods f o r  c a l c u -  
l a t i n g  such quan t i t i es ,  wh ich  a re  genera l i zed  and can be a p p l i e d  t o  many d i f -  
f e r e n t   m a t e r i a l s  and geometries. Thus  a l o g i c a l   p o r t i o n   o f   f u r t h e r   e x p e r i m e n t a l  
studies would be  a comparison o f  t h e  p r e s e n t  r e s u l t s  w i t h  t h o s e  t h a t  w o u l d  be 
p r e d i c t e d  f o r  t h i s  case  by  codes  such as those of  Berger s Sel tzer ,  re fe rence 1 ,  
and  by  such a n a l y t i c a l  methods  as tha t  repo r ted  by Bur re l l ,  Wr igh t  d Watts. 
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FIGURE 16. Bremsstrah lung  energy  emi t ted  in   the  forward  d i rect ion  f rom  pure 
i r o n  t a r g e t s ,  f o r  t h e  case o f  normal  incidence, as a f u n c t i o n  o f  
e l e c t r o n  bombarding  energy. The arrows  indicate  the  bombarding 
energ ies for  which the present  measurements a r e  r e p o r t e d  f o r  com- 
pos i te   ma te r ia l s .   B remss t rah lung   da ta   f o r   t h i s   cu rve  was taken 
from reference 4. 
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APPENDIX - BREMSSTRAHLUNG  SPECTRA  ND  OSE  DATA 
TLRGET NO. 10 INCIOENT ELECTRON ENERGY 0 . 5  REV 
CH. NET PULSE HEIGHT SPECTRUM MULTIPLIED BY 2 P I  S I N ( f H 1 )  COS(PH1).  
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TARGET NO. 10 INCrDLNT ELECTRON ENERGY 0 0 5  MLV 
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TARGET NO- 1 1  INCIDENT ELECTRCN ENERGY 0 . 5  lrEV 
CH. N E T  PULSE P E I G H T  SPECTRljP CUCTIPLIED B Y  2 P I  SIN(PHI1 C O S f P H I ) .  
7 
1 3  
16 
19 
2 2  
3 5  
7 9  
3 1  
3 4  
-37 
4Q 
4 3  
4 6  
49  
5 2  
5 5  
5 8  
6 1  
6 4  
6 7  
7c 
7 3  
7 c  
7 9  
8 2  
8 5  
A8 
9 1  
33 
TARGET NO. 11 INCIDENT ELECTRON ENERGY 0.5  MEV 
CHANNEL ENERGY CORROFACT. ENGYaSPEC. FXaTO DOSE 
PHOTONS/MEV R/PHOTON/ 
34 
TARGET NO. 11 INCIOENT ELECTRON ENERGY 0 0 5  MEV 
CHANNEL ENERGY 
KEV 
41 
4 2  
4 3  
44 
45 
46  
47 
48 
49 
5 0  
5 1  
52 
5 3  
5 4  
S 5  
5 6  
5 7  
59 
6 p  
6 1  
62 
6 3  
64 
65 
66 
67 
68 
6$ 
7 P  
71 
72 
13 
74 
75 
7 c  
77 
7 8  
79 
er! 
5 e  
Z m Z ' 3 3 t  02 
2m28AE 0 2  
2m?44E C 2  
2.399E 0 2  
2.454E p 2  
7m5lOE "2 
2.565E n2 
2mC2CE n2 
7mC7eE c 2  
2m732E n2 
?m786E p 2  
2 m e 4 2 E  e2 
Z m P 9 7 E  0 2  
2m952E 0 2  
3 . C c e E  P Z  
3mC63E 02 
3m11eE P Z  
3m174E  C2 
?m229€  02 
3m284E 02  
?m?40€  c2 
3 . 3 9 S E  02 
3m450E 0 2  
?m506E 0 2  
?m561€ C 2  
3 m C 1 6 E  0 7  
3 m t 7 2 E  02 
3m727E C 2  
3m782E 112 
3mP38E 02 
ZmP93E 02 
3mC4eE nz 
4a604E f32 
4mf-59E e2 
4m114E C2 
4m169E n2 
4m225E cJ12 
4m28oE f 2  
4*?35E 02 
4m391F "2 
CORRoFACT.  ENGYoJPEC. FX.TO DOSE 
PHOTONSIMEV R/PHOTON/ 
-ELECTRON 
35 
TARGET NO. 11 INCIDENT ELECTRON  ENERGY 0 .5  MEV 
36 
TARGET NO. 1 INCIDENT ELECTRON ENERGY 0.6 MEV 
, NET PULSE H E I G H T  SPECTRLP PULTIPLIEO B Y  2 P I  SIN(PH1) COS(PHI)m 
37 
TARGET NO. 1 I N C I D E N T   E L E C T R O N   E N E R G Y  0.6 MEV 
CHANNEL  ENERGY 
1 
2 
3 
4 
5 
6 
7 
P 
9 
1'! 
11 
1 2  
1. 3 
1 4  
1 5  
1 6  
1 7  
19 
20 
7 1  
22 
23 
7 4  
? 5  
2 6  
27  
?P 
29 
3n  
3 1  
32  
3 3  
34  
15 
36 
37  
? P  
3 9  
4n 
l e  
CORR.FACT.   ENGYoSPEC.   FXoTO  DOSE 
P H O T O N S / M E V   R / P H O T O N /  
38 
TARGET NO. 1 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 d  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 e  
5 9  
6 0  
6 1  
6 2  
6 ?  
64  
6 5  
fie 
4 7  
4 9  
7? 
'1 
7 2  
7 3  
74  
7 5  
7 c  
1 7  
7P 
7 9  
ec 
h e  
CORRoFACfo  ENGYoSPECo f X . 1 0  DOSE 
PHOTONSIMEV R/PHOTON/ 
-ELECTRON SQoCMo 
1 . 1 ~ 9 ~ - 0 2  
9 .833E-03 
8.397E-03 
7.595E-03 
6 0   6 8 7 E - @ 3  
5 .864E-Q3 
5.192E-03 
4.593E-63 
4. 6 4 0 € - @ 3  
3.483E-C3 
3. C12E-C3 
2.588E-'33 
2.3?9E-c)3 
39 
POSE SPEC 
R 4 Q  CMe/ 
HEV-LLOC. 
1 a 2 7 3 E - 1 2  
1 .227E-12 
1 . 1 5 3 ~ - 1 2  
1 0 0 6 4 E - 1 2  
9 a 9 5 6 E - 1 3  
9 e 2 9 2 E - 1 3  
8.548E-13 
7o694E-13 
6 o 9 3 6 E - 1 3  
TARGET NO. 1 INCIDENT ELECTRON ENERGY Om6 MEV 
CHANNEL ENERGY CORReFACT. ENGYmSPECm F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
C C S E =  5.76!E-1? R-SQ.CM./ELECTRON 
40 
1ARGE.T NO- 2 INCIDENT  ELECTRCN EKERGV 0.6 lrEV 
CHm NET  PULSE H E I G H T  SPECTRUC WULTlPLIEO BY 2 P I  S I N ( P H 1 )  COS(PHI)m 
7 
10 
!?  
1 6  
1 9  
7 2  
2 5  
? e  
3 1  
3 4  
3 7  
4P 
43 
4 6  
4 9  
‘iz 
5 5  
6 1  
5 8  
6 4  
6 7  
7 0  
7 3  
76 
7q 
8 5  
88 
9 1  
$4 
9 7  
1 - p  
In 3 
1nc 
1 n9 
a 2  
4 1  
TARGET NO. 2 INCIDENT  ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY CORRaFACT.  ENGYeSPEC.  FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
I .  346E-(! 7 
3.74hE-02 
4 0  165E-02 
3 .  8 S 3 E - 0 2  
3.524E-CZ 
3 .  C54E-0) 
2.614E-fl2 
2.751E-C2 
1.9?2E-r l2  
1 . 6 5 8 E - C Z  
I . 4 ~ 5 ~ - c 2  
1 . 2 4 l E - C t  
42 
TARGET NO0 2 INCIDENT ELECTRON ENERGY O e 6  MEV 
CHANNEL ENERGY 
41 
42 
4 3  
4 4  
4 5  
46  
4 7  
4 e  
4 9  
5" 
5 1  
5 2  
53  
54 
55  
5 6  
57 
59 
6 0  
61  
02 
b ?  
6 4  
6 5  
e t  
6 7  
6 8  
69 
7n 
7 1  
7 2  
73 
74 
1 5  
7 6  
77 
7 P  
79 
Al! 
s e  
CORReFACTm ENCYoSPEC. f X . 1 0  DOSE 
PHOTONS~MEV R/PHOTON/ 
43 
TARGET NO. 2 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL  ENERGY CORRoFACTo ENGYmSPEC. FXaTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
44 
T A R G E T  N O .  ? INCIDENT ELECTRCN E N E R G Y  0.6 C E V  
CH. NET PULSE H E I G H T  SP€CTRUP MULTIPLIED R Y  2 P I   S I N t P H I )   C U S ( P H 1 ) m  
45  
TARGET NO. 3 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY CORRoFACT.  ENGYoSPEC.  FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
46 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY 
4 1  
4 2  
4 3  
44  
4 5  
46  
4 7  
4 8  
49  
5r) 
5 1  
9 2  
5 3  
54 
5 5  
56 
5 7  
5P 
5 9  
60 
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
(57 
6 8  
6 9  
76 
7 1  
73  
7 4  
7 5  
7 6  
7 7  
78 
19 
PC! 
7 2  
KEY 
2.233E C 2  
2 . 2 8 8 ~  c 2  
2 a 1 4 4 E   0 2  
2.399E e 2  
2a454E C2 
2 . 5 l d E  02 
2.5656 C 2  
2aC2CE 0 2  
2.67bE e 2  
2a131E  C2 
2 a 7 8 6 E   0 2  
2 a 8 4 2 E   0 2  
2 . e ~ ~  e 2  
2 .952E  02  
3 . 0 0 @ €  0 2  
?aC63E r2 
3 * 1 1 @ E  C 2  
3a174E C 2  
3a229E  C2 
3 a 2 8 4 E   0 2  
3 -  34bE Q2 
3 .395E 0 2  
3 . 4 5 d E  c 2  
3 a 5 0 6 E  0 2  
3 a 5 6 1 E  e2 
3 .C16E 0 2  
3 a 6 7 2 E  P2 
3 a 7 2 7 E  9 2  
3a782E r?2 
3a838E  C2 
3 .893E 9 2  
3 .$4@E n2 
4 . C O 4 E  ? 2  
4eC59E C‘t 
* a 1 1 4 E  C2 
4 a 1 6 9 E  0 2  
4 a 2 2 5 E   e 2  
4 .  Z B O E  0 2  
4.3135E f 2  
4 a 2 9 l . E   e 2  
CORReFACTo ENGY.SPECo F R O T O  DOSE 
P H O t O N W M E V  R/PHOTON/ 
47 
3 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL  ENERGY CORReFACT. ENGYoSPEC. F X o T O  DOSE 
PHOTONS/MEV R/PHOTON/ 
T A R G E T  NO. 4 INCIDENT ELECTRCN ENERGY 0.6 PEV 
I I NET PULSE HEIGHT SPECTRUP PULTIPLIEO B Y  2 P I  SIN(PH11 COS(PHI1. CH 
7 
I d  
1 3  
1 6  
1 9  
2 2  
2 5  
7 e  
3 1  
3 4  
3 7  
4 3  
4 6  
4 9  
5 2  
5 5  
5 8  
6 1  
6 4  
6 7  
7c 
7 3  
7 6  
7 9  
82 
8 5  
9 0  
4 1  
94 
Q 7  
100 
I n 3  
I n 6  
109 
4 n  
49 
TARGET NO. 4 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL  ENERGY CORRoFACTo  ENGYoSPECo F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
1 . 5r4E-f i2  
4.1?6E-n2 
4.594E-p2 
4 . ? 7 1 E - P 2  
3.857E-Ct 
3 . 3 7 5 E 4 2  
2. R49E-CZ 
2.462E-07 
2.11 9E-"2 
1. R C h E - C 2  
1. 551E-P2 
1.369E-n2 
DOSE SPEC 
MEV-ELEC. 
R-SQ CMo / 
50 
TARGET NO- 4 INCIDENT ELECTRON  ENERGY 0.6 MEV 
CHANNEL  ENERGY ENCY.SPECa  FXafO DOSE 
PHOTONWMEV  R/PHOTON/ 
51 
TARGET NO. 4 I N C I D E N T  ELECTRON ENERGY 0.6 HEV 
CHANNEL  ENERGY CORR.FACTe ENCYaSPEC.  FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
CCSE= f.S?CE-1? R-SQ.CM./ELECTRON 
52 
T B R G E T  NC. 6 INCIDENT  ELECTRCN ENFRGY 0 0 6  P E V  
CH. N E T  PULSE HFIGHT SPECTRUIJ MULTIPLIED B Y  2 P I  S I N ( P H I 1  COSIPHI) 
53 
h 
TARGET NO. 6 I N C I D E N T  ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY CORRoFACTo  ENGYoSPECm FXBTO DOSE 
PHOTONS/MEV R/PHOTON/ 
DOSE SPEC 
R-SQ CHo / 
MeV-ELEC 
54 
TARGET NO. 6 INCIDENT ELECTRON  ENERGY 0.6 MEV 
CHANNEL ENERGY 
4 1  
42 
4 3  
4 4  
4 5  
46 
4 7  
4 e  
49 
5p 
51 
62 
53 
54 
5 5  
56 
57 
5!? 
59 
(51 
62 
6 3  
6 4  
E 5  
6 C  
67 
6R 
69 
7 n  
72 
7'! 
7 4  
75 
7t 
77 
7 8  
79 
en 
71  
CORRoFACT.  ENCYeSPEC.  FKoTO W S E  
PHOTONS/MEV  RIPHOTON/ 
55 
56 
T P R G E T  hC. 7 I N C I D E N T  ELECTRCN ENERGV 8.6 PEV 
C P e  N F T   P U L S E  k E I G H T  S P E C T R U M  M U L T I P L I E C  B Y  2 PI SIN(PH1) C O S ( P H 1 ) .  
57 
TARGET NO. 7 I N C I D E N T  ELECTRON ENERGY 0 0 6  MEV 
CHANNEL  ENERGY CORReFACT.  ENGYaSPEC. F X a T O  DOSE 
PHOTONS/MEv  R/PHOTON/ 
. . . - - - "_ .- . .. . . . . . .. , 
.. . 
CHANNEL  ENERGY CORRoPACTo  ENGYoSPEC. FXoTO DOSE 
PHOTONS/HEV  R/PHOTON/ 
DOSE SPEC 
MLV-ELEC. 
R-SO CMo I 
9.791 E-1 3 
9.29fiE-13 
8.861 E-1 3 
8.251E-13 
7.62RE-13 
7.O65E-13 
6.629E-13 
6.177E-13 
5 .516~-13  
4.eqlE-13 
4.412E-13 
4.02?E-13 
3.656E-13 
59 
TARGET NO. 7 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY CORRaFACTa ENGYmSPECa FXaTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
C C S F =  4.lQ?E-I? R-SQ.CMa/ELECTRON 
60 
I 
” 
T A R G E T  NC. R I N C I D E N T  ELECTRCF: E N E R G Y  ? m 6  Y E V  
BY 2 P I  SINfPHII C O S f P H I ) .  
61 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY CORReFACT. ENCY.SPEC. FXeTO DOSE DOSE SPEC 
KEV  PHOTONS/M   R/PHOTON/ R-SQ CM.1 
-ELECTRON  SQoCMo MEV-ELECo 2 
62 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL  ENERGY ENGYeSPEC. FXeTO DOSE 
PHOTONS/MEV R/PHOTON/ 
63 ' 
DOSE SPEC 
R-SO CH./ 
MEV-ELK. 
9.566E-13 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY 
KEV 
CORRmFACT. ENGY.SPEC. F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON SQmCMo 
.SQ.CM./ELECYRON 
DOSE SPEC 
MEV-ELEC. 
R-SO CM. / 
64 
T A R G E T  NC. 9 I N C I D E N T   E L E C T R O N  ENERGY 6.6 Y E V  
CH. NET  PULSE HEIGHT SPECTRUlJ M U L T I P L I E D  
65 
TARGET NO. 9 INCIDENT ELECTRON ENERGY 0.6 MEV 
CHANNEL ENERGY 
KEV 
CORR.FACT. ENGYeSPECo FXmTO DOSE 
PHOTONS/MEV RIPHOTON/ 
-ELECTRON SQeCMo 
DOSE SPEC 
R-SO CM. / 
MEV-ELECe 
66 
TARGET NO. 9 INCIDENT ELECTRON  ENERGY 0.6 MEV 
CHANNEL  ENERGY CORR.PACTo ENGYoSPECo FXaTO DOSE 
PHOTONSfMEV  R/PHOTON/ 
67 
TARGET NO. 9 INCIDENT ELECTRON  ENERGY 0 0 6  MEV 
CHANNEL ENERGY CORRmFACT. 
C C S F =  5 . 6 ? 4 € - 1 ?  R-SQ.CM./ELECTRON 
68 
T A R G E T  N O .  1 INCIDENT ELECTRGN ENERGY 1.n PEV 
CH. N E T   P U L S E   W E I G H T   S P E C T R U P   U L T I P L I E D  B Y  7 P I  S I N ( P H . 1 )  C O S ( P H 1 ) .  
69 
I- 
TARGET NO. 1 INCIDENT ELECTRON ENERGY 100 MEV 
CHANNEL ENERGY CORRoFACTo ENGYmSPECo FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SQ CMo / 
MEV-ELECo 
70 
TARGET NO. 1 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL  ENERGY 
71 
TARGET NO. 1 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORReFACT.  ENCYoSPECe F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
41 9E-'?3 
e .  577E-"3 
7 .4S ' jE -03  
7.?31E-n3 
6 . 8 6 2 E 4 3  
6. acfE-n3 
5 . 8 C 5 E - r ) 3  
5.CR7F-n3 
4 , 7 5 3 E - C 3  
4 . 7 A I E - C 3  
3.99-3E-C3 
3.81 4 E - P 3  
3. ? I  'jE-P3 
73 
TARGET NO. 1 IFICIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGYoSPECo ICXOTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
73 
TARGET NO. 1 INCIPENT  ELECTRON ENERGY 1.0 MEV 
-ELECTRON 
5 .  @ 7 3 F - r 4  
4.593F-C4 
3.ZC9E-04 
2 .96 '3E-04 
1.751F-P4 
1 .187F- f l4  
1. bRf?E-(15 
DOSE SPEC 
R-SQ CM. / 
MEV-ELECm 
2. rj26E-l 
2 .745E-13  
1.642E-1 3 
1.497F-11 
8 . 9 9 1 E - 1 4  
6.181E-14 
8. fl71 E - I  5 
74 
B Y  Z P I  SINfPHI) COS(PH1). 
TARGET NO* 2 INCIDENT  ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGY SPEC FX TO DOSE 
PHOTONSIMEV  RIPHOTON/ 
76 
I 
TARGET NO. 2 I N C I D E N T  ELECTRON ENERGY l e 0  MEV 
CHANNEL ENERGY CORRoFACT. ENGYoSPEC. F X o T O  DOSE 
PHOtONS/MEV  R/PHOTON/ 
77 
TARGET NO. 2 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGY SPEC. F X TO DOSE 
PHOTONS/MEV  R/PHOTON/ 
78 
TARGET NO. 2 I N C I D E N T  ELECTRON ENERGY 100 MEV 
CHANNEL  ENERGY CORReFACT. ENGYoSPEC. F X o T O  DOSE 
PHOTONSlMEV  R/PHOTON/ 
79 
T A I ~ G E T   N O -  2 I N C I D E N T   E L E C T R O N  ENCRGY l e 0  MEV 
C O R R - F A C T .  ENGYeSPEC. F X o T O  DOSE DOSE SPEC 
P H O T O N S I X E V   R / P H O T O N /  
C C S E =  1 . $ 2 e j E - 1 2  R-SQ.CM./ELECTRON 
80 
TARGET kC.  3 I K C I D E N T  E L E C T R C N  E N E R G Y  1.0 P E V  
TARGET NO. 3 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGY SPEC FX TO DOSE 
PHOTONS/MEV  R/PHOTON/ 
a2 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 100 MEV 
CHANNEL  ENERGY CORRaFACTo  ENGYoSPECo  FXoTO DOSE 
PHOTONWMEV  R/PHOTON/ 
83 
TARGET NO. 3 I N C I D E N T  ELECTRON ENERGY 1.0 MEV 
CHANNEL  ENERGY CORRmFACTm ENGYoSPECm FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
84 
TARGET NO. 3 INCIDENT ELECTRON  ENERGY 100 MEV 
CHANNEL  ENERGY ENGYoSPECa FXmTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
85 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORReFACT. ENGYmSPEC. FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
5.679E-04 
4.478E-n4 
?.66?E-”4  
2. ~ ~ I E - W  
2.fl64E-”4 
1 . 74 a ~ 4 4  
2.7C2E-f’5 
DOSE SPEC 
R-SQ CM./ 
HEV-ELEC. 
?.733€-13 
6.498E-14 
C C S E =  2.11PE-12 R-SQ.CM./ELECTRON 
86 

TARGET NO. 4 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGYoSPEC. FX.TO DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SO CM. / 
MEV-ELECo 
88 
TARGET NOD 4 INCIDENT ELECTRON ENERGY 100 MEV 
CHANNEL ENERGY ENGYoSPEC.  FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
I 
89 
T A R G E T  NO. 4 INCIDENT E L E C T R O N   E N E R G Y  1.0 MEV 
CHANNEL ENERGY CORReFACTe  ENGYeSPECe F X e T O  DOSE 
PHOfONS/MEV R / P H O T O N /  
-ELECTRON 
90 
T A R b t T  NO. 4 I N C I D E N T  ELECTROi4 EI'.IERGY 1.0 b1EV 
CHAlUNEL ENkROY ENGYoSPECo  FXoTO GOSE 
PHOTONS/MEV  R/PHOTON/ 
91 
TARGET NO. 4 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORR a FACT ENCYoSPECa 
PHOTONS/MEV 
-ELECTRON 
6 . 6 2 4 E - 0 4  
5.11 5 E - n 4  
3.595E--p4 
2 .76   3E-04  
1 .735E-n4  
1 . 1  C3E-04 
C C S E =  2 . r e 4 ~ - 1 2  R-SQ.CM./ELECTRON 
92 
I 
T A R G E T  hC. 6 I N C I D E N T  ELECTRCN E N F R G Y  1." PEV 
Ch. NET PULSE HEIGHT S P E C T R U C  C U L T I P L I E D  
7 
1" 
1 3  
1 6  
1q 
? 2  
25 
2 8  
3 1  
34  
3 7  
4r! 
43 
4 6  
49  
52  
5 5  
cie 
6 1  
64 
6 7  
7 c  
7 3  
7 6  
79 
a 7  
8 5  
e e  
9 1  
94  
9 7  
1 " O  
103  
l h 6  
l C 9  
1 1 2  
1 1 5  
1 1 8  
1 2 1  
124 
127  
13'? 
113  
136 
1 1 Q  
142 
1 4 5  
1 4 8  
7 5 1  
154 
157 
16r) 
161 
166 
169  
177  
175 
175  
I 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
1 
3 
4 
5 
5 
7 
F! 
9 
1- 
1 1  
1 2  
I? 
1 4  
1 5  
1 6  
17 
1 0  
1 9  
2 0  
2 1  
2 7  
2 3  
t 4  
? 5  
76 
3 7  
7 8  
1 9  
3'? 
3 1  
3 2  
3 1  
1 4  
3 5  
3 6  
1 7  
3 8  
39  
4(!  
9 
ENCYeSPEC.  PXoTO DOSE 
PHOTONSfMEV  R/PHOTON/ 
94 
TARGET NO. 6 I N C I D E N T  ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
& l  
4 2  
43 
4 4  
4 5  
46 
4 7  
4P 
4 4  
5'J 
51 
52 
53 
54 
5 5  
56 
5 7  
5 0  
59 
60  
61  
E 2  
6 3  
6 4  
6 5  
(56 
67 
69 
e 9  
7 0  
'1 
7 7  
73 
74 
7 5  
7 t  
7 7  
7 8  
79 
no 
CORRO'FACTD  ENGYoSPEC. FX.10 DOSE 
PHOTONS/MEV R/PHOTON/ 
95 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORRaFACTo  ENGYaSPECo  FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
96 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 1.0 HCV 
CHANNEL  ENERGY 
1 2 1  
! 23 
174 
1 2 5  
176 
1 2 7  
1 2 9  
13C 
1 3 1  
1 3 2  
1 3 3  
134  
1 1 5  
13C 
1 3 1  
1 3 8  
13F 
140 
1 4 1  
142  
1 4 3  
144 
145  
146 
1 4 7  
1 4 @  
149 
150 
1 5 1  
152 
153 
154 
1 5 s  
156  
157  
1 5 e  
159 
1 bC 
172 
I 2 e  
ENCYaSPECa F X a T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SQ CMa/ 
MEV-ELECa 
1 -4Q9E-12 
1.289E-12 
1.171E-12 
l o d 6 l E - 1 2  
l . m Z E - 1 2  
9.211 E-1 3 
8.287E-13 
7.579E-13 
h. 796E-7.3 
5.913E-13 
5.978E-13 
5.19?€-13 
4.719E-13 
4.n71 E-13 
97 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORRefACT. ENGYoSPECo F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
6.873E-?4 
50'P5E-P4 
4 .584E- r4  
3 . 3 5 4 E - P 4  
2. 955E-c4 
1 7'99E-f'4 
1 . 5 r P E - 0 5  
98 
99 
TARGET NO. 7 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
KEV 
CORR. FACT DOSE SPEC 
R-SQ CM./ 
MEV-ELEC. 
100 
TARGET NO. 7 I N C I D E N T   E L E C T R O N   E N E R G Y  1.0 MEV 
4 1  
4 2  
4 3  
44  
45  
4 6  
4 7  
4 8  
49  
rjP 
5 1  
52 
5 3  
54 
5 5  
5 6  
57  
5 e  
5 9  
60 
6 1  
62 
63 
64 
6 5  
6C 
6 7  
6E 
6 5  
T P  
7 2  
7 ?  
74 
75 
7 6  
7 7  
7 8  
79 
efi  
71  
E N G Y a S P E C .   F X o T O   D S E  
P H O T O N S / M E V   R / P H O T O N /  
101 
TARGET NO. 7 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
p 1  
R 2  
n-3 
P 4  
9 5  
e t  
P 7  
Fla 
!?G 
qfi 
Q1 
9 2  
9 3  
9 4  
9 5  
96 
9 7  
9 9  
9q 
I n n  
1 ” l  
1” 7 
l ” 3  
l n 4  
l e 5  
1°C. 
1” P 
1-9 
119 
1 1 1  
11 2 
1 1 3  
114 
1 1 5  
116 
1 1 e  
1 ‘ 9  
1 7 “  
1” 7 
1 1 7  
KEV 
4 . 4 4 t F  c t  
4 . 5 0 1 F   C 2  
4.C57F f - 2  
4 . f 1 2 F   “ 2  
4 .667F  f ’ 2  
4 .7?7E C 2  
4 . 7 7 8 F   f - 2  
4 . P 3 3 E   p 7  
4.PASE n 2  
4 . q 4 4 F  C 2  
4 . 9 9 9 E  0 7  
5 . C 5 5 E  “ 2  
5.11QE 0 7  
5 . 1 4 5 E  C 2  
5 .221E n 2  
5 .276E ”2  
5 . ? 3 1 E  ” 2  
5 . 3 8 7 E  P 2  
C o 4 4 2 E  C 2  
5 0 4 9 7 E   q 2  
5 0 5 5 3 E  C2 
S . t 4 3 E  “ 2  
5 . 7 1 9 F  ” 2  
5 . 7 7 4 E   c 2  
C.CneE f - 2  
5 . e 2 9 ~   ” 2  
t . e 8 5 F  p z  
5.C4CE ”2 
5 .595E C 2  
F.C51E f -2  
C.IC6E 0 2  
6 . l t l F  P 2  
t . 2 1 t E  e 2  
t o 7 7 2 E  p 2  
t . ? 2 7 E  C)? 
6.38ZE ” 2  
6 .43PE c 2  
6 . 4 9 3 E  f -2  
t 0 5 4 P E  “ 2  
t 5 . F F 4 F  C 2  
ENGY.SPEC. FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
6 . 7 9 6 € - ” 3  
6 .  1 2   7 E ~ n 3  
5 .457E- ”3  
5.2C5E-f l3  
4 . 7 5 3 F - C 3  
4.31 SE-”3 
4 . 1 7 1 ~ - ~ 7  
7 . 4 7 6 E - 0 3  
3.727E-fl3 
2 .934E-f i3  
3 . 6 P 3 F - c 3  
7 . . 4 9 9 E - P ?  
7.3JrrlE-f’3 
DOSE SPEC 
R-SO CM. / 
MEV-ELEC. 
1 . 7 5 L E - 1 7  
7 . ~ ~ c E - I  2 
1 . 4 9 Q F - 1 7  
1.479E-!  2 
1. S R Q E - !  2 
1. ?OPE-1  2 
1 .2APE-12  
1 l ” 3 E - 1 2  
1 . ”51E-12  
S . 7 Q O F - 1 7  
9. t ” 3 E - 1 3  
A a 7 R 7 E - !  3 
9.2’4E-! 2 
102 
TARGET NO. 7 XNCXDLNT ELECTROM ENERaY 100 H V  
CHANNEL ENERGY ENGVoSPBCo F X o f O  DOSE 
PHOYOWS/MW R/PWOTON/ 
-ELECTRON 
103 
I .A 
TARGET NO. 7 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL  E ERGY  CORRoFACTo ENGYeSPEC.  FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
2.9PZE-f‘4 
2.449E-f’4 
1. P I  5F-?4 
1 . 4 1  ?E-Q4 
9 . 7 ~ ~ ~ - r 5  
5.43FF-fl5 
5 . 5 1  4E-c6 
C C S E =  1 .511E-12 R-SQ.CM./ELECTRON 
104 
T b R C E f  NO. I h C l D E N T   E L E C T R C N  ENERGY 1.n PEV 
CH. NFT PULSE H E I G H T  SPECTRUC P U L T I P C I S D  B Y  2 P I   S I N ( P H 1 )   C O S ( P H 1 ) .  
TARGET NO. 8 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
1 
? 
? 
4 
5 
7 
6 
L1 
q 
1 0  
11 
1 2  
1 3  
1 4  
15 
16  
? 8  
1 s  
7 1  
7 7  
24  
75 
7 6  
2 7  
2 9  
? 9  
3 Q  
11 
33 
1 3  
3 4  
75 
3 5  
3 7  
.e 
39 
4 3  
1 7  
7 0  
7 2  
ENGYeSPEC. F X a T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
106 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
44  
4 5  
46 
4 7  
4 9  
5 1  
5 2  
5 3  
54  
55 
5 t  
5 7  
59  
6(! 
6 1  
6 2  
63 
64 
E 5  
6 6  
6 7  
b e  
6 9  
7fY 
7 1  
7 2  
1 3  
7 4  
7 T  
7 6  
7 7  
7 9  
PO 
4 e  
5c  
5 e  
7 8  
CORReFACT.  ENGYeSPECo CXaTO WSE 
PHOTONSIHEV  R/PHOTON/ 
107 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY ENGYoSPEC. F X o T O  DOSE 
PHOTONS/MEV R/PHOTON/ 
108 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 1 ~ 0  MEV 
CHANNEL ENERGY ENGYmSPEC. FXmTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
109 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY  CORROFACT. ENGYaSPECa  FXeTO DOSE 
KEV  PHOTONS/MEV R/PHOTON/ 
-ELECTRON 
110 
TARGET NO. 9 INCIDENT FLECTRON ENERGY 1.0 WEV 
CHe NET PULSE HFIGHT’SP€CTRUP  WULffPLIEO BY 2 PI S l N l P H I l  COS(PHI1. 
7 
10 
13  
16 
19 
2 2  
25  
2 8  
3 1  
3 4  
1 7  
4 n  
4 3  
4 6  
4 9  
5 2  
5 5  
5 8  
6 1  
6 4  
6 7  
7P 
7 3  
76  
7 9  
e 2  
8 5  
8 8  
91  
9 4  
9 7  
I f iC 
l n 3  
1 n6 
l ” 9  
11 2 
1 1 5  
1 1 3  
1 7 1  
1 2 4  
127 
13” 
1 1 3  
136  
\ 3 $  
1 4 7  
1 4 5  
1 4 8  
1 F I  
1 5 4  
16n 
163 
1 6 6  
1 6 9  
1 7 5  
157 
1 7 2  
1 7 8  
111 
I 
TARGET NO. 9 INCIDENT ELECTRON ENERGY lm3 MEV 
CHANNEL ENERGY C O R R e F A C T .  ENGYoSPECm F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SO CM. / 
MEV-ELEC. 
112 
TARGET NO. 9 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
4 1  
42  
43 
44 
4 5  
4 6  
4 7  
& e  
49  
Fir! 
5 1  
5 7  
5 3  
5 4  
5 5  
5 6  
5 7  
= e  
59 
60 
(51 
E:! 
6 ?  
64  
65  
C t  
6 7  
68 
69 
7P 
7 1  
7 3  
74  
75 
7 t  
77  
7P 
7 9  
Prl  
7 2  
-ELECTRON 
l m 0 t 7 € - r ) 2  
2a769E-02 
2.51 1E-02 
2.782E-02 
2mlZ7E-02 
1 926E-02 
I 752E-02 
1.61  2E-C2 
I 482E-02 
1o359E-02 
1. 245E-@2 
1.121E-02 
lm065E-r)2 
113 
I 
I 
P t I O T O N j / ? 4 E V  R / P H r J T O N /  
- E L E C T R O N  
9.657E-t-3 
e .  7 4 9 E 9 3  
7,9=8€-"3 
7.96nE-P'J 
6.6?6E-n3 
6. CQ6E-P'3 
5.543E-nl 
5 -27  BE-03 
4.569E-fl3 
4. hl 1 E-n3 
4.n+?E-q3 
1.6P2E-f'3 
3.347E-fl3 
114 
II 111 .1111 I I 
TARGET NO. 9 INCIDENT ELECTRON ENERGY 100 MEV 
CHANNEL ENERGY CORRoFACTo ENGV.WECo FXoTO DOSE 
PHOTONS/YLV  R/PHOTON/ 
-ELECTRON 
115 
1 1 1  1111 I1 I 
TARGET NO. 9 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
KEV 
CORRoFACTm ENGYaSPECo  FXmTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
4 . 9 4 6  E-"4 
4.57  ? E - Q 4  
3.726E-fi4 
7 . ? 7 ? E - 0 4  
1.7f'llE-c14 
1 s 5 5 E - 0 4  
1.578E-"5 
116 
..TARGET NO. IO. INCIDENT ELECTRON ENERGY 104 MEV 
C H o  NET  PULSE HEIGHT SPECTRUM MULTIPLIED B Y  7 P I   S I N ( P H 1 )   C O S ( P H 1 ) .  
1 
1” 
1 3  
I t  
1 9  
2 2  
25  
‘?1 
3 4  
3 7  
4 0  
4 3  
4 6  
4 9  
5 2  
5 5  
6 1  
6 4  
6 7  
7 0  
7 3  
7 t  
7 9  
8 2  
e 5  
A @  
9 1  
9 4  
97 
1 qf- 
l n 3  
1 3 6  
1 nq 
1 1 2  
1 1 5  
1 1 8  
1 2 1  
1 2 4  
1 2 7  
1 3 n  
1 3 3  
1 1 6  
1 3 9  
1 4 2  
1 4 5  
1 4 8  
1 9 1  
1 5 4  
1 5 7  
16Q 
1 6 3  
1 6 6  
109 
1 7 2  
1 7 5  
1 7 8  
?e 
5 e  
117 
TARGET NO. 10 INCICENT  ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
I 
7 
? 
4 
5 
c: 
7 
P 
G 
1 p  
11 
1 2  
1 3  
1 4  
1 5  
I6 
! 7  
1 f l  
1 9  
7 n  
2 1  
2 7  
2 3  
7 4  
? 5  
? 6  
7 7  
2 e  
2 9  
-3n 
3 1  
'32 
3 3  
1 4  
1 5  
1t 
17 
3 P  
19 
4 n  
E NGY SPEC FX TO DOSE 
PHOTONS/MEV R/PHOTON/ 
118 
TARGET NO. 10 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL  ENERGY 
4 1  
4 7  
43 
44 
45 
46  
47  
4P 
49 
5rl 
5 1  
52 
53 
5 4  
55 
56 
57 
5 e  
59 
h n  
6 1  
6 2  
63 
6 4  
6 5  
6 -C 
67 
69 
7 -  
h a  
7 1  
7 2  
73 
7 4  
75 
76 
7 1  
79 
P C  
7a  
ENGYmSPECo FXoTO DOSE 
PHOfONS/HEV  RIPHOTON/ 
-ELECTRON 
. ~ " 
a. 9 7 9 ~ - . 0 3  
7.994E-63 
7.347E-(33 
6.62?€-"3 
5.996E-03 
5.497E-03 
4.998E-fl3 
4.572E-03 
4.21  ZE-03 
30156E-C3 
3.459E-t'3 
3.?56€-63 
?.qP4E-n3 
119 
TARGET NO* 10 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY C O R R a F A C T .  ENGYoSPEC. FXoTO' DOSE 
PHOTONS/MEV  R/PHOTON/ 
120 
TARGET NO. LO INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL  ENERGY 
1 2 1  
1 2 2  
1 2 3  
1 3 4  
1 2 s  
1245 
1 2 7  
12s  
130 
1 3 1  
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 t  
1 3 7  
1 3 P  
139 
14" 
1 4 1  
1.42 
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
14R 
1 4 9  
15n 
1 5 1  
1 5 2  
15? 
1 5 4  
1 5 5  
156 
1 5 7  
159 
160 
1 2 e  
15e 
CORRbFACT.  ENCYoSPEC.  FXoTO DOSE 
PHOTONS/WEV  R/PHOTON/ 
121 
TARGET NO. 10 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY 
KEV 
TARGET YC. 11 INCIOENT EL€CTRON ENEUGV 1.6 CEV 
CH. NET  PULSE HEIGHT SPECTRUM WULTIPLIEO BY 2 P I  SINtPHI) COS(PHI). 
7 
10 
1 3  
16 
1.9 
2 2  
25  
? 8  
3 1  
3 4  
3 7  
4r! 
4 3  
4 t  
4 9  
5 2  
5 5  
5 8  
6 1  
6 4  
6 7  
7 0  
7 3  
76 
79 
8 2  
8 5  
8 8  
9 1  
9 4  
9 7  
100 
I n 3  
106 
1 fiq 
1 1 2  
11s  
l a 1  
1 7 4  
13" 
133 
1 3 t  
7 39 
1 4 2  
1 4 5  
1 4 8  
1 5 1  
1 5 4  
1 5 7  
16p 
1 6 3  
t 6 C  
1 f .Q  
172  
1 7 R  
I t a  
1 2 7  
175 
TARGET NO. 11 INCIDENT ELECTRON ENERGY 1.0 HEV 
CHANNEL ENERGY CORRoFACT.  ENCYoSPEC. F X O T O  DOSE 
PHOTONS/MFV R/PHOTON/ 
124 
TARGET NO. 11 INCIDENT ELECTRON ENERGY 100 MEV 
CHANNEL ENERGY 
4 1  
42 
43 
44  
45  
4 6  
4 7  
4 e  
4 9  
5 0  
5 1  
5 2  
5 3  
54 
5 5  
56 
57 
5 8  
59 
C" 
6 1  
6 2  
6?  
64  
65 
b e  
6 7  
60  
6 9  
7 P  
'1 
72  
'3 
74  
7 5  
' 6  
77  
78 
79  
an 
ENCYeSPECo f X a T O  DOSE 
PHOTONSIMEV R/PHOTON/ 
DOSE SPEC 
R-SO CMo/ 
WWmELECo 
1.319E-I2 
1,289E-12 
1.253E-12 
1 244E-12 
1 e 177E-12 
I.149E-12 
1.095E-12 
1.635E-? 2 
1.015E-12 
9.332E-13 
9.13l.E-13 
8.752E-13 
7 o 9 1 6 E - 1 3  
125 
I. 
TARGET NO. 11 INCIDENT ELECTRON ENERGY 1.0 HEV 
126 
TARGET NO. 11 INCIDENT ELECTRON ENERGY 1.0 HEV 
CHANNEL ENERGY 
1 ? I  
1 2 2  
173  
1 7 4  
I t 5  
1 2 6  
1 2 7  
129 
11n 
131 
1 3 2  
123 
1 3 4  
135  
P 3 C  
1 3 7  
1 3 9  
14(! 
1 4 1  
1 4 2  
1 4 3  
1 4 4  
145  
1 4 6  
1 4 7  
1 4 9  
15fl 
1 5 1  
1 5 2  
1 5 3  
154  
1 5 5  
1 2 6  
1 5 7  
1 5 e  
1 5 9  
1 6 C  
I z e  
1 3 8  
14e 
ENCYeSPECo FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
127 
TARGET  NOo 11 I N C I D E N T  ELECTRON ENERGY 1.0 MEV 
CORReFACT.  ENGYaSPEC. F X O T O  DOSE 
PHOTONS/MEV  R/PHOfON/ 
1 . 7 C S E  d o  
1.7PPE CC 
1.657E o c  
l06S6E ? C  
1.C5SE C C  
I o 6 6 7 E  C C  
1.62CE Q!? 
1.52SF rC 
1o457E C C  
1.455E P C  
1o46SE O C  
1 o 5 C 3 E  CC 
I o612E nf' 
1o762E CC 
l o@S'?E S C  
1.S2SE c c  
l o e R 5 E  C C  
l.@5C€ O C  
1.845E O C  
1o4 t5E  C C  
3.961F-Cl 
c o o  
-ELECTRON 
DOSE SPEC 
HEV-ELEC. 
R-SQ CM. / 
4 oO63E-14 
1 793E-14 
I o693E-t 4 
1.090E-14 
1.41CIE-I5 
128 
TARGET Y C o  1 2  I N C I D E N T  ELECTRCN  ENERGY 1.0 MEV 
C H o - N E T   P U L S E   H E I G H T   S P E C T R U C   U L T I P L I E O  
I 
TARGET NO. 12 INCIDENT ELECTRON  ENERGY 1.0 MEV 
CHANNEL ENERGY ENGY*SPECo FX.10 DOSE 
PHOTONS/MEV  R/PHOTON/ 
130 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 1.0 HEV 
CHANNEL ENERGY 
4 1  
4 2  
43  
4 4  
45  
4 6  
4 7  
4e 
49 
5'! 
6 1  
5 7  
53 
5 4  
55 
56 
57  
'51! 
59 
6 0  
61  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
68 
69 
7n 
72  
73 
7 4  
75 
7 6  
77  
78 
79  
f lp  
7 1  
CORRoFACT.  ENGYeSPECo  FXoTO DOSE 
PHOTOMS/MEV RIPHOTONI  
-ELECTRON 5o.CM. 
131 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 1.0 MEV 
CHANNEL ENERGY CORRoFACTo  ENCYoSPECo FX.10 DOSE 
PHOTONS/MEV  R/PHOTON/ 
132 
T-**<GC-T NO. 1 2  INCICENT ELECTXON ENERGY 1.0 MEV 
-ELECTi?ON 
7 .  354E-n4 
7 .  ?53E-n4 
6 . 1 3 2 f - 0 4  
5 . 0 0 2 ~ - n 4  
4.5246-04 
4.296E-04 
3.99C)E-04 
3.372E-04 
2.952€-n4 
2.51 QE-n4 
2.43?E-r)4 
1.a89~-04 
1.454E-04 
1.232E-04 
133 
T A R G E T  NO. 1 2  X N C I D E N T   E L E C T R O N   E N E R G Y  1.0 MEV 
C H A N N E L   E N E R G Y  C O R R e F A C T e  ENGYmSPEC. F X a T O  DOSE 
PHOTONS/MEV R / P H O T O N /  
DOSE SPEC 
R-SO CMe / 
MEV-ELECe 
134 
TARGET NC. 1 INCIDFNT ELECfQClv   EKERGY ? a 5  PEV 
C H o  NFT P U L S E   C i E I G H T   S P E C T R U M   M U L T I P L l E O  BY 2 P I  S I N ( P H 1 )  COSfPHI). 
TARGET NO. 1 I N C I D E N T  ELECTRON ENERGY 20.5 MEV 
CHANNEL ENERGY ENCYeSPECo  FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
HEV-ELECO 
R-SQ CM* /  
136 
TARGET  NOe 1 INCIDENT ELECTRON ENERGY 2.5 MEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 9  
5cl 
5 1  
5 7  
5 3  
54  
5 5  
5 6  
5 7  
5 9  
6 0  
6 1  
6 7  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
?t? 
7 1  
7 2  
7 3  
74  
75 
7 6  
77  
7 8  
7 9  
UO 
413 
513 
CORReFACTe  ENGY.SPECe  FXmTO WSCt 
PHOTONS/MEV R/PHOTON/ 
I 
I 
137 
T A R G E T  NC. 2 INCID€NT ELECTRON ENFRGY 2.5 PEV 
NET PULSE  HEIGHT SPECTRUP PULTIPL IEO R V  2 P I   S I N ( P H 1 )   C O S ( P H 1 ) .  
140 
TARGET NO. 2 INCIDENT ELECTRON ENERGY 2.3 HEV 
CHANNEL ENERGY 
1 
2 
4 
'? 
5 
6 
7 
8 
9 
13 
11 
1 2  
13 
14 
1 5  
16 
I7 
r e  
19 
20 
21 
22 
23 
24 
2 5  
26 
27 
28  
29 
30 
31 
32 
33 
34 
3 5  
36 
37 
3 8  
39 
4(! 
-ELECTRON 
1.5 1 
DOSE SPEC 
R-SO C M o I  
MeV-ELECe 
8. 663E-12 
141 
I- 
TARGET NO. 2 INCIDENT ELECTRON ENCROY 2.9 MEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
4 4  
45 
4 6  
4 7  
4 9  
5fi 
51  
52  
53  
5 4  
55 
5 6  
5 7  
5s 
6n 
6 1  
6 7  
6 3  
(54 
6 5  
6 6  
6 7  
h e  
6 9  
7n 
71 
7 2  
7 3  
7 4  
7 5  
76 
7 7  
7 8  
79  
R0 
b e  
5 e  
CORRoFACT. ENGYoSPEC. FXoTO DOSE 
PHOTONWMEV R/PHOTON/ 
142 
I 
TARGET  NO0 2 INCIDENT ELECTRON  ENERGY 2.S'MEV 
CHANNEL  ENERGY ENGYoSPLCa F X o f O  DOSE 
PHOTONSIMEV  R/PHOTON/ 
143 
TARGET NO. 2 INCIDENT ELECTRON ENERGY 2.5 MeV 
CHANNEL  ENERGY 
1 2 1  
1 2 2  
1 2 3  
124 
1 2  s 
126  
1 2 7  
1 2 8  
129 
1 3 n  
131 
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
139 
1 4 c  
141 
14  2 
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4  7 
1 4 9  
1 5 0  
1 5 1  
1 5 2  
1 5 2  
1 5 4  
1 4  e 
KEV 
2.pC2E 0 3  
2.C19E 6.3 
2 .P35E 63 
2 . C 5 2 E  C3 
2eC68E e 3  
' i.@84E 4 3  
2 o l O l E   0 3  
2.117E a? 
2 o I 3 3 E  p 3  
2o150E C'? 
2 . 1 6 6 E   6 3  
2 . 1 8 2 E  P 3  
2 0 1 9 9 E  @ 3  
2.215E 03 
2 . 2 3 l E  r?3 
2o248E C 3  
2 o 2 6 4 E  C 3  
2 .780E P 3  
2 o 2 9 7 E   0 3  
2 0 ? 1 3 E  03 
2.32SE t73 
2 o 3 4 6 E   0 3  
2o362E C 3  
2.378E fl3 
2 .395E  n3  
2.411E C'3 
2 .428E  c3  
2 . 4 4 4 E  n 3  
2.46OE f?3 
2.477E n 3  
2.493E  C3 
2.50SE c 3  
2 .526E  03  
2.542E 0 3  
CORRoFACT.  ENGYoSPECe  FXoTO DOSE 
Pm>YONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SO 04.1 
MEV'ELECo 
1 . 2 8 1 E - I 2  
1. Ita€-1 2 
9.239E-t  3 
9 .184E-13 
7 0 6 9 1 E - 1 3  
10 539E-12 
5 o O B 7 E - 1 3  
3.738E-13 
2 .044E-13 
1.  7 8 6 ~ - 1 3  
9.n 
144 
TARGET NO. 3 I N C C D E N f  ELECTRCN E N E R G Y  2.5 PEV 
CH. NET PULSE HEIGHT SPECTRUC ClULTIPLIED BY 2 PI S I N ( P H 1 )  COS(PHI8. 
6 
< 
I 2  
15 
l e  
7 1  
2 4  
2 7  
30 
33 
36 
3 9  
4 2  
4 5  
4 e  
5 1  
54 
5 7  
6 p  
6 3  
6 6  
6 9  
7 5  
7 8  
8 1  
8 4  
8 7  
9 0  
9 3  
9 6  
9 9  
1n2  
l n 5  
1 0 8  
1 1 1  
1 1 4  
1 1 7  
12n 
1 2 3  
1 2 8  
1 2 9  
1 3 2  
1 3 5  
I38 
1 4 1  
1 4 4  
1 4 7  
1 *c) 
1 T 3  
7 2  
14 5 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 2.5 M t V  
CHANNEL  ENERGY 
1 
2 
4 
3 
5 
6 
7 
R 
9 
t i l  
11 
1 2  
1 3  
1 4  
1 5  
16 
17 
1 8  
1 9  
?P 
2 1  
72 
23  
t 4  
25  
26 
7 7  
28 
29 
30 
31  
32 
33 
34 
3 5  
3 c  
37 
?F! 
39 
40 
CORR. FACT.  ENGYoSPEC. FX. TO DOSE 
PHOTONS/MEV  R/PHOTON/ 
146 
TARGET NO. 3 INCIDENT ELECTRON ENERGY 2.5 MCV 
CHANNEL ENERGY 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 e  
4 9  
50  
5 1  
5 2  
5 3  
5 4  
55  
5 c  
57  
5 8  
5 9  
6n 
6 1  
6 7  
63 
6 4  
6 5  
6 6  
67  
(58 
6 q  
7P 
71 
72 
7 3  
7 4  
7 5  
7 6  
77 
78 
7 9  
BQ 
ENGY.SPECo FXoTO DOSE 
PHOfONS/MEV R/PHOTON/ 
147 
TARGET NO* 3 INCIDENT ELECTRON ENERGY 2 e 5  MEV 
CHANNEL  ENERGY CORRmFACTm ENGYeSPECe  PXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
148 
TARGET NO. 3 INCIDENT ELECTRON  ENERGY 209 MLV 
CHANNEL ENERGY 
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 7 9  
130 
I31 
13 2 
133 
1 3 4  
135 
1 3 6  
1 3 7  
1 3 8  
1 3 9  
140 
1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
146 
1 4 7  
1 4 8  
149 
1 so 
I51 
1 5 2  
153 
I54 
CORR. FAC T ENGYeSPECo  FXoTO DOSE 
PHOTONSIMEV  RIPHOTON/ 
-ELECTRON 
1 498E-03  
1.413E-03 
1 173E-03  
8. 074E-04 
7.796E-P4 
5.300E-C?4 
4.  a 5 7 ~ - 0 4  
4.406E-04 
2.51 7E-04 
1 367E-04  
0.0 
149 
TARGET NO. 4 I N C I D E N T  ELECTRCN ENERGY  2.5 PEV 
CH. N E T  PULSE HEIGHT SPECTRUP VULTIPLIED B Y  2 P I  SIN(PH1) C O S ( P H I ) .  
6 
9 
1 2  
1 5  
18 
2 1  
24 
37  
3" 
1 3  
36  
39 
42 
45 
48 
5 1  
54 
57  
60 
63 
6 6  
69 
7 2  
75 
7 8  
U t  
84 
87 
9r! 
9 3  
96 
9 9  
l'! 2 
1 0 5  
I n 8  
11 1 
1 1 4  
I1 7 
12n 
123 
1 2 6  
1 2 9  
1 3 2  
135  
13P 
1 4 1  
1 4 4  
1 4 7  
1 5 C  
153 
150 
TARGET NO. 4 INCIDENT ELECTRON  ENERGY 2.5 MEV 
CHANNEL  ENERGY 
1 
2 
3 
4 
5 
6 
I 
e 
9 
1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
1 9  
1 9  
2n 
2 1  
22 
2 3  
? 4  
25  
2 6  
?7 
2 8  
2 9  
3n 
1 1  
'32 
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
39 
40 
KEV 
4.C74E 01 
5 0 7 0 9 E  01 
7.343E 01 
8.S78E c1  
l o r 6 1 E  '32 
1o225E 0 2  
l o 3 8 8 E  02 
1o552E 0 2  
l o 7 1 5 E   0 2  
l . @ 7 9 E  0 2  
2oC42E 0 2  
2 . 2 0 6 E   0 2  
2 . 3 6 9 E   0 2  
2o533E 0 2  
2 o 6 9 6 E   6 2  
2 . e 6 n ~  0 2  
3 . 1 8 7 ~  Q? 
3oC23E  n2  
3.35OE 0 2  
3 .513E 0 2  
3.677E @2 
3 . 8 4 @ €  @2 
4oC04E C 2  
4o167E 0 2  
4 . 3 3 1 E   0 2  
4 o 4 9 4 E  PZ 
4 . 6 5 8 E   c 2  
4.@ZLE 0 2  
4 . 9 8 5 E   0 2  
5 . 1 4 8 E   0 2  
5oY12E 0 2  
5o475E 0 2  
5 o 6 3 9 E   0 2  
5.802E 0 2  
5.q66E n2 
4.129E 0 2  
6.793E 0 2  
6 .456E p 2  
6o62OE 0 2  
6 . 7 8 3 E   0 2  
ENGYoSPECo FXeTO OOSE 
PHOTONSIMEV R/PHOTON/ 
DOSE SPEC 
R-SQ CMo/ 
HEV-ELEC 
8 o 8 9 4 E - 1 2  
1 3 8 2 E - 1 1  
1 .523E-11  
1.600E-11 
1 0 6 1 6 E - I  1 
1 .608E-11  
1 .551E-11  
1 4 6 5  E-1 P 
1.382E-11 
1.300E-11 
1. 2 3 2 ~ - 1 1  
1. 1 3 8 ~ - 1 1  
151 
TARGET NO. 4 INCIDENT  ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
4 1  
4 2  
43  
44  
4 5  
46  
4 7  
4 0  
4 9  
5 1  
5 2  
5 3  
5 4  
55 
56  
5 7  
59 
60 
6 1  
6 2  
63 
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 c  
72  
73 
74  
75 
76 
77  
7F  
79 
a n  
w 
5e 
7 1  
CORReFACT.  ENGYoSPEC. FXeTO W S E  
PHOTONS/MEV  R/PHOTON/ 
152 
TARGET NO. 4 INCIDENT ELECTRON ENERGY 2.5 MeV 
CHANNEL  ENERGY CORRmFACTo  ENGYmJPEC. FXoTO DOSE 
1.932E 00  
1.938E 0 0  
1.943E d o  
1.946E 00 
1o97OE Q Q  
1.997E c c  
2.02OE C@ 
2.rJ29E 0 0  
2.C34E PC 
2.036E r)C 
2.d38E c c  
2o041E C C  
2.043E Q C  
2.066E PC 
2.OS8f C C  
2.123E oc  
2.141E 0 0  
2 . 1 5 4 E  C C  
2.165E O C  
2.116E C(1 
2 0 1 8 6 E  f'C 
2 . 1 9 S E  or! 
7 0 2 1 4 E  00 
2.232E C C  
2.251E C O  
2.279E OP 
2 . 3 1 1 E  P C  
2.322E C C  
2 . 3 1 t E  oc  
2.272E CQ 
2.268E cl)c 
2.293E 0 0  
2 0 3 6 6 E  '30 
2.466E 0C 
2.421E 00 
2.394E 00 
2.3S9E C? 
2 0 4 2 b E  00 
2 o 4 9 f E  PC 
2 o 5 2 2 F  OC 
PHoToNS/MEV  R/PHOTON/ 
153 
TARGET NO. 4 I N C I D E N T  ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
171  
122  
1 2 9  
1. 24 
1 2 5  
126  
1 2 7  
1 2 3  
1 7 9  
1 3 p  
1 3 1  
132  
133 
134 
1 1 5  
1 1 6  
137  
138 
139  
1 4 0  
1 4 1  
142 
1 4 3  
144  
1 4 5  
146  
147  
YO(! 
149 
1 5 n  
1 5 1  
1 5 2  
153 
154 
CORRoFACTo  ENGYeSPEC,  fX*TO DOSE 
PHOfONS/HEV  R/PHOTON/ 
OCSEs 1.557E-11 R-SQ.CM*/ELECTRON 
154 
TARGET NO. 5-1 INCIDENT ELECTRON ENERGY 2 0 s  ClEV 
CH. NET PULSE HEIGHT SPECTRUN VLILTIPLIED BY 2 P I  S I N ( P H 1 )  C O S f P H I I a  
t 
9 
1 2  
15 
I @  
2 1  
2 4  
2 7  
3r! 
3 3  
3 6  
4 9  
4 2  
4 5  
4 8  
T I  
5 4  
5 7  
6q  
6’3 
6 6  
4 9  
7 2  
75 
7 e  
e l  
94 
8 7  
9 d  
9 3  
9 6  
9 9  
1n2 
l n 5  
I c e  
11 1 
1 1 4  
1 1 7  
12e 
1 2 3  
1 2 6  
1 2 9  
1 3 2  
135  
13P 
1 4 1  
144  
1 4 7  
1 5 0  
153 
155 
TARGET NO. 5.1 INCIDENT  ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
1 
2 
4 
3 
5 
6 
7 
e 
9 
10 
11 
1 2  
13 
1 4  
1 5  
16  
9 1  
l e  
19 
26 
2 1  
22 
23  
24  
t 5  
76 
27 
? e  
?9 
30 
11 
32 
3 3  
34  
35 
36 
3 7  
3P 
3 s  
4r) 
CORRoFACTo ENCYaSPEC. F X e T O  DOSE 
PHOfONS/MEV R/PHOTON/ 
156 
TARGET NO. 5-1. INCIDENT  ELECTRON ENERGY 2.3 MLV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
44  
4 5  
4 6  
4 7  
4 e  
4 9  
5" 
5 1  
52  
5 3  
54  
5 5  
5 c  
5 7  
5 s  
I50 
6 1  
6 2  
6 3  
64  
6 5  
6 6  
6 7  
6 8  
6 9  
711 
7 2  
' 7 3  
7 4  
75  
7 6  
7 7  
7 8  
7 9  
PrQ 
5 e  
71  
ENCY*SPECo  FXaTO OOSE 
PHOTONS/MEV  R/PHOTON/ 
157 
PHOTONb/MEV i!/PHCTON/ 
158 
P 
TARGET NO. 5.1 INCIDENT ELECTRON ENERGY 2.5 MEV 
CHANNEL  ENERGY 
C C S E =   I e C l f ' E - 1 1  R-SQ.CM./ELECTRON 
159 
TARGET NO. 5-2  I N C I O E N T  ELECTRCN E N E R G Y  2.5 MEV 
CH 
t 
4 
1 2  
1 5  
18 
2 1  
2 4  
?l 
3@ 
33 
3 6  
3 9  
4 2  
4 5  
4 8  
5 1  
5 4  
5 7  
bt? 
6 3  
6 6  
6 5  
7 2  
7 5  
7 8  
8 1  
a 4  
I37 
ac 
93 
?6 
9 9  
1 9 2  
1 m 5  
108  
11 1 
1 1 4  
1 1 7  
1 2 n  
! 2 3  
I 2 C  
1. ?9 
132 
1 3 5  
1 3 8  
1 4 1  
1 4 4  
1 4 7  
1 5 c  
1 5 3  
NET PULSE bEIGHT SPECTRUM MULTIPLIEO 
160 
TARGET NO. 5-2 INCIDENT  ELECTRON ENERGY 205 MEV 
CHANNEL ENERGY ENGYoSPEC. FXaTO DOSE 
PHOTONWMEV RIPHOTON/ 
DOSE SPEC 
R 4 Q  CMo/ 
MEV-ELEC. 
161 
CHANNEL ENERGY 
41 
42 
4 3  
4 4  
4 5  
46 
47 
49 
5 6  
5 1  
52 
5 3  
5 4  
5 5  
se 
5 3  
5 e  
59 
6r? 
61 
62 
6 3  
6 4  
65 
66 
67 
68 
7(! 
71 
'2 
73 
74 
7 5  
76  
77 
7 8  
79 
4 8  
6 9. 
-ELECTRON 
2o73PE-02 
2.47OE-02 
2. f53E-02 
10 917E-02 
10674E-C2 
1o613E-02 
1 3 9 8 E 4 2  
1 279E-02 
1. 138E-02 
l o 0 1  5E-02 
5 0  31 ?E-('3 
a. 5 ~ 8 ~ 4 3  
eoQ38E-03 
TARGET NOe 5-2 INCIDENT ELECTRON ENERGY 205 #eV 
CHANNEL EMERGY 
REV 
U l  
82 
9 3  
P4 
85 
96 
u 7  
88 
a9 
90 
91 
9 2  
93 
q4  
9 5  
96 
97 
9e 
9 9  
100 
lr! P 
1Q 2
l e  3 
104 
lP5  
l o b  
1"7 
1-8 
109 
' I f ?  
11 1 
11 2 
113 
114 
1 t 5  
116 
Y 1 7  
318 
119 
1 2 n  
ENGYcSBECm F X e f O  DOSE 
PHOTOHStMEV RPPHBTOMP 
I 
CHANNEL ENERGY 
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2  c 
1 2 6  
t 27 
1 7 e  
1 2 9  
130 
111 
13 2 
13? 
1 3 4  
135 
1 3 6  
137 
130 
1 3 9  
14c! 
141 
1 4 2  
1 4 3  
1 4 4  
14': 
1 4 6  
1 4 1  
1 4 9  
r5e 
1 5 1  
1 5 2  
1 5 3  
1 5 4  
14e 
CORRoFACTo 
2.528E O C  
2.4tCE O C  
7.444E c c  
2.466E 0 0  
2 * 5 4 5 €  O C  
2mcC4E PC 
Zmt47E @ C  
2 . t4SE o c  
2.6866 C9 
2.691E C C  
2 * t S 7 E  o c  
2.C82E 0 0  
2mC40E C C  
2m591E 1)E 
2.544E 9Q 
2 e C 0 4 E  C C  
2.714E C C  
207q2E 0 0  
2m789E C C  
2m722E d C  
2m682E @C 
2.759E c c  
2.P79E C C  
2.971E 00 
2.9CSE C C  
2m754E C C  
i * C 1 4 E  c o  
2e924E C C  
3m136E 00 
3.272E @ C  
2mCS7E C C  
(1.0 
? a 0  
2 . 7 2 9 ~  o a  
164 
TARGET NO. 5-3 INCIDENT ELECTRON ENERGY 2.5 CEV 
CH 
t 
9 
ti! 
1 5  
l b  
2 1  
24  
2 7  
3n 
'33 
3 c  
3 9  
b? 
4 5  
* e  
51 
5 4  
5 7  
60 
6 3  
66 
6 9  
7 2  
75; 
7 8  
PI 
e 4  
8 7  
9 0  
9 9  
96 
99 
t n 2  
I? 'j 
I n  e 
11 I 
1 1 4  
1 1 7  
12P 
1 2 3  
1 Z t  
1 2 9  
1 3 2  
? 3 5  
138 
14  1 
1 4 4  
1 4  7 
1 SC 
133 
NET PULSE PEIGHT SPECTRUP P U L T I P L I E D  B Y  2 P I  - S I N ( P H I )  COStPHID. 
165 
TARGET NO. 5.9 INCIOENT ELECTRON ENER6Y 2.9 MEV 
CHANNEL ENERGY 
1 
2 
3 
4 
5 
6 
1 
8 
9 
I n  
11 
12 
!3 
1 4  
1 5  
I t  
x7 
l e  
1 9  
2r! 
2 1  
2 2  
2:! 
2 4  
25  
26  
27 
s e  
2 9  
3f! 
3 1  
? t  
3 3  
3 4  
3 5  
36 
17 
l e  
39 
/e 
ENGYeSPECe f X o T O  DOSE 
PHOTOWS/MEV RIPHOTON/ 
-ELECTRON 
166 
CHANNEL ENERGY 
4 1  
4 2  
43 
4 5  
4 5  
46 
4 1  
4 e  
4 9  
51) 
5 1  
5 2  
5 3  
54 
5 5  
5 c  
5 7  
5 9  
60 
6 1  
62 
6 3  
64  
65  
6 6  
6 7  
6 9  
7(! 
71  
7.2 
73 
74  
'5 
7 6  
77 
7 e  
'9 
re 
68 
ac 
ENCY.SCECo f X . t O  DOSE DOSE SPEC 
PHOTONS/MEV R/PHOTON/ R-SQ cMa/ 
167 
R O O  5-3  I l r i C I D E N T   E L E C T R 3 N  ENERGY 2.5 MEV 
CORXOFACT. E'NGYoSPEC. F X o T O - D O S E  
PHOTONSIMEV RIPHOTON/ 
168 
TARGET NO. 5-3 INCIDENT ELECTRON ENERGY 203 MEV 
CHANNEL ENERGY 
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 7 6  
177 
129 
13r! 
1 3 1  
13 2 
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
138 
1 3 9  
1 4 0  
14 1 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
14n 
1 4 9  
1 5 @  
1 5 1  
1 5 2  
I53 
154  
1 2 e  
CORRafACTo ENGYeSPECo F X e T O  DOSE 
PHOTONS/MLV R/PHOTON/ 
169 
TARGET NO. 5-4  I N C I D F N T  ELECTRCN FNERGY 2.5 CEV 
CH 
6 
9 
1 2  
1 5  
l a  
2 1  
2 4  
2 7  
3r 
33 
3 6  
39 
4 2  
4 5  
4 e  
5 1  
54 
57 
6 C  
6 3  
6 6  
49  
7 2  
7 5  
7 8  
R l  
A4 
8 7  
9d 
9 3  
Ql3 
9 9  
In2 
10 5 
I n 9  
11 I 
1 1 4  
1 1  7 
1 2 Q  
1 2 3  
1 2 6  
1 2 9  
132 
1 3 5  
1 3 8  
161 
1 4 4  
1 4 7  
1 =r 
1 5 3  
NET PULSE PEIGHT SPECTQUC PULTIPLIED 
170 
TARGET NO. 5-4 INCIDENT ELECTRON  ENERGY 215 W V  
CHANNEL  ENERGY CORReFACTa ENCYISPECO FXITO DOSE 
PHOTONS/MEV  R/PHOTON/ 
171 
!. 
TARGET NO. 5-4 INCIDENT  ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
4 1  
42 
43  
4 4  
4 5  
445 
4 7  
4 e  
4 9  
5r! 
5 1  
52 
53  
5 4  
55 
S t  
5 7  
5 e  
5 9  
6@ 
6 1  
h 2  
6 ?  
6 4  
6 5  
6 6  
67 
6s 
lr! 
72 
73 
7 4  
7 5  
76 
7 7  
78  
79 
a" 
b e  
71 
CORROFACT. ENGYeSPEC. FXeTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
172 
TARGET NO. 5-4 I#CIDEHf ELECTRON ENERGY 2.3 MEV 
CHANNEL ENERGY CORRoFACTm ENCYeSPECo P X o T O  DOSE 
PHOTONS/MEV R/PHOfbN/ 
173 
TARGET NO. 5-4 INCIDENT ELECTRON  ENERGY 2.5 MEV 
CHANNEL  ENERGY 
1 2 1  
1?2 
123 
124  
1 2 5  
126  
127 
1 ? @  
139 
t 3 e  
l ? P  
132 
133 
134 
135 
1 3 t  
137 
138 
139 
14n 
1 4 1  
142 
x43 
3 44 
145 
146  
1 4 7  
1 4 @  
! 49 
1 Et! 
1 5 1  
152 
1 5 3  
154 
ENGYoSPEC.  FXoTO DOSE 
PHOTONS/MEV  R/BHOTON/ 
-ELECTRON 
1. 2 C 9 E 4 3  
lo113E-P3 
7. S74E-t-4 
a. 2 7 4 ~ - ~ 4  
5.119E-04 
3.337E-04 
3.11 8E-04 
2.231E-C4 
9. C58E-p5 
6.589E-f'S 
P.0 
C C S E =  1.494E-11 R-SQ.CM./ELECTRON 
174 
TARGET NO. 5-5 INCIDENT ELECTRON ENERGY 2 0 5  PEV 
C H o  NET PULSE HEIGHT SPECTRUP PULTIPLIED BY 2 P I  SINtPHID C O S ( P H 1 ) .  
175 
/I 
TARGET NO. 5.5 INCIDENT ELECTRON  ENERGY 2.5 M t V  
CHANNEL  ENERGY 
1 
2 
9 
4 
5 
6 
7 
a 
9 
1 n  
11 
1 2  
1 3  
1. 4 
1 5  
16  
1 7  
19 
2’! 
2 1  
7 2  
2 3  
2 4  
75  
2c  
77 
39 
7 0  
7 1  
3 2  
7 3  
74  
3 5  
7 6  
7 7  
2 R  
= c  
4” 
l a  
t a  
ENCY.SPEC. FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
176 
TARGET NO. 5.5 INCIDENT ELECTRON ENERGY 2eS MEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 1  
4 4  
6 5  
4 6  
4 1  
4 e  
4 9  
5n 
'51 
52 
5 7  
5 4  
5 5  
5 t  
5 7  
5 8  
5 $  
6 p  
(51 
6 2  
43 
6 4  
6 5  
A6 
6 7  
6 8  
69 
7 0  
7 1  
7 2  
7 1  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
ar! 
CORRoFACTo ENGYeSPECe F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
177 
TARGET NO. 5-5 INCIDENT  ELECTRON ENERGY 2.3 M I V  
CHANNEL ENERGY 
KEV 
1o365E  n3 
!.38PE n 3  
1.3986 fl3 
1.414E C 3  
1 o 4 3 f ' E  C3 
1.441E n3 
1.463E 03 
1.4796 C 3  
1.496E (r3 
lo512E c3 
!oC28E 6 3  
1.545E e3 
Io561E  n3 
1o577E 03 
1o594E 0 3  
1o61OE n3  
1o626E e 3  
1o643E  "3 
1.659E P3 
1o676E 0 3  
1o692E 03 
1 . 7 0 8 ~  n3 
1o725E 03 
1o74lE C'3 
Io757E 6 3  
1.774E c3 
1.190E 0 3  
1.8C6E C.3 
P.823E n3 
1.839E 0 3  
1 .BSTE @3 
l.@72E c 3  
1o904E @ 3  
1.921E 0 3  
1o937E 03  
1.953E b3 
1 . e a t x  03 
1.97CE P'J 
1o986E C 3  
CORROFACT. ENGYoSPLC.  FXoTO DOSE 
PHOTONWWEV  R/PHOfON/ 
-ELECTRON 
DOSE SPEC 
R-SO CHo/ 
M E V 4 L E C o  
4.54@E-12 
40 16C;E-1 2 
3.925E-12 
3.824E-I 2 
3.332E-12 
3oU52E-12 
2 89CIE-12 
2.218E-12 
1o841E-12 
I78 
TARGET NO. 5-5 INCIDENT  ELECTRON ENERGY 2.5 MLV 
CHANNEL  ENERGY 
1?1 
1 2 2  
123 
124  
125  
1 2 6  
1 2 7  
138 
129 
I > *  
1 3 1  
1 3 2  
133  
134 
1 3 5  
136  
1 3 7  
l3f! 
139  
14r! 
141  
142  
1 4 3  
144  
1 4 5  
1 4 6  
147  
148 
149 
15n 
1 - 1  
! 5 2  
1 f ?  
1 5 4  
CORR. FACT. ENGYoSPECO PX.10 DOSE 
PHOTONS/MEV R/PHOTON/ 
179 
TARGET NO. 5-6 I N C I D E N T   E L E C T R C N   E N E R G Y  2.5: P € V  
N E T   P U L S E   H E I G H T   S P E C T R U P   U L T I P L I E D  B Y  7 P I   S I N t P H I J   C O S ( P H I 1 .  
180 
TARGET NO. 5-6 INCIDENT  ELECTRON ENERGY 2.5 REV 
CHANNEL ENERGY CORRoFACTo ENGYoSPECo F X o T O  DOSE DOSE SPEC 
KEV PHOTONS/HEV R/PHOTON/ R-SO C W o /  
OCLECTROW SOoCHo HEV'ELEC. 
I 
2 
1 
4 
5 
6 
? 
8 
9 
I n  
11 
1 2  
1 3  
I4 
15 
16 
17 
l e  
19 
2 1  
2 2  
2 3  
2 0  
? 5  
7 6  
27 
2 8  
7 0  
3 0  
3 1  
1 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4" 
7n 
4.074E c1  
5.7P9E 01 
7.343E 0 1  
8o978E 01 
l o " 6 1 E  0 2  
1.225E 02 
1 o 5 5 2 E  ('2 
I o 7 1 5 E  0 2  
1.879E 0 2  
7 o 0 4 2 E  @2 
2 0 2 0 6 E   0 2  
2 o 3 6 9 E   n 2  
2 o 5 3 3 E   n 2  
2 0 6 9 6 E   0 2  
2o86dE 0 2  
3.(323€ 92 
3.18fE  C2 
3 . 3 5 Q E  0 2  
3 . 5 1 3 E  a2 
3 . 6 7 7 F   Q 2  
3 e 8 4 d E   0 2  
4o*d4E 02  
4 o 1 6 7 E   0 2  
4 o 3 3 1 E   0 2  
4 o 4 9 4 E  n2 
4 0 6 5 8 F  0 2  
4.e21E F 2  
5 . 1 4 8 E   n 2  
 ea^ 0 2  
4 0 9 8 5 E   f i 2  
5 o 3 1 2 E   0 2  
5o475E "2 
5 . t 3 9 E  0 2  
5 .802E 0 2  
5 0 9 6 6 E  f'2 
6 0 1 2 9 E  0 2  
6 o 7 9 3 E   0 2  
bo456E 0 2  
6.EZOE r 2 .  
6 o 7 8 3 E  f'2 
l e  526E-01 
I 546E-01 
1o231E-01 
9o957E-02 
8 0 4 6 6 E - 0 2  
5 .  172E-02 
3.877E-02 
181 
TARGET NO. 5-6 INCIDENT  ELECTRON ENERGY 205 MEV 
CHANNEL  ENERGY 
4 1  
4 7  
43  
* 4  
4 5  
46 
4 7  
4 9  
5" 
5 1  
e;? 
5'3 
54 
55 
S t  
5 7  
5 e  
5 9  
6 0  
6 1  
6 2  
0 3  
64  
6 5  
4 6  
6 7  
6 8  
6 9  
7r! 
7 1  
72 
7 3  
74  
75  
76  
77 
7 9  
a P  
b e  
78 
CORR.FACT.  ENGY6SPECo FXDTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
182 
" 
TARGET NO. 5.6 INCIDENT ELECTRON ENERGY 2 e 5  MEV 
CHANNEL  ENERGY 
TARGET NO. 5-6 INCIDENT  ELECTRON ENERGY 2.5 MEV 
CHANNEL  ENERGY CORRoFACTo  ENGYoSPECo FXoTO DOSE 
PHOtONS/MEV R/PHOTON/ 
184 
T A R G E T  NO. 6 1 N C . I D E N T   E N E R G Y  2.5 HEV 
C t "  NET P U L S E   H E I G H T   S P E C T R U C   W U L T I P L I E C  8 V  2 P I  S I N f P H I )  COS(PHI1- 
185 
TARGET NO. 6 INCIDCNT  ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
1 
2 
3 
4 
5 
6 
7 
9 
9 
16 
1 1  
I 2  
I 3  
1 4  
1 5  
1 6  
17  
1 9  
2”  
?l 
2 7  
23  
74 
75 
26 
37 
2e 
29 
3e 
3 1  
3 2  
3 3  
1 4  
3 5  
36  
3 7  
1 R  
3 9  
40 
r e  
ENGYoSPECe FXoTO DOSE 
PHOTONS/MEV R/PHOfON/ 
186 
TARGET NO. 6 INCIDENT ELECTRON EMEROY 2.5 WEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
47 
4 e  
49  
50  
5 1  
5 2  
5 3  
5 4  
5 5  
5 c  
5 7  
5 e  
5 9  
6') 
61 
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6P 
6 9  
7 0  
71 
7 3  
7 3  
7 4  
7 5  
76 
7 7  
7 9  
4" 
713 
ENCYeSPECo F X e T O  DOSE 
PHOTONWMEV R/PHOTON/ 
S Q o C M o  
187 
TARGET NO. 6 INCIDENT  ELECTRON ENERGY 205 MEV 
CHANNEL ENERGY ENGYoSPEC. F X o T O  DOSE 
PHOTONS/MEV  R/PHOTON/ 
188 
TARGET NO. 6 INCIDENT ELECTRON ENERGY 2.9 MLV 
CHANNEL  ENERGY 
1 2 1  
1 2 2  
123 
124 
1 2 5  
126 
1 2 7  
1 2 8  
1 2 9  
130 
1 3 1  
1 3 2  
133 
1 3 4  
135 
136 
1 3 7  
1 3 8  
1 3 9  
1 4 c  
1 4 1  
1 4 2  
1 4  3 
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
1 4 9  
1 5 0  
1 5 1  
1 5 2  
153  
1 5 4  
KEV 
2mPrJ2E 03 
2.p19E c13 
Zmr35E 6 3  
2.052E 0 3  
2mC68E C3 
2.c84E 03 
Z m l O t E  0-3 
2m117E 0 3  
2m133E 0 3  
2.15@E 0 3  
2.166E (13 
2m182E Q 3  
2.199E @ 3  
2.215E 03 
2m231E 0 3  
2 . 2 4 8 E  0 3  
2m264E 0 3  
2m28rlE 0 3  
2.297E 0 3  
2.313E 0 3  
2m329E 0 3  
2m346E f’3 
2m362E 0 3  
2m378E (13 
Zm’J95E (r3 
2.411E C 3  
2.428E 0 3  
2m444E f?3 
2m466E 0 3  
2.4776 t‘3 
2m493E C 3  
2.COSE 0 3  
2m526E 0 3  
2mS42E e3 
CORR. FACT. ENCYoSPECa FX.10 DOSE 
PHOTON$/MEV  R/PHOTON/ 
189 
T A R G E T  NO. 7 I N C I D E N T   E L E C T R O N  ENERGY 2 . 5  MEV 
C H o  N E T   P U L S E  HEIGHT SPECTRUP P U L T I P L I E O  B Y  2 P I  SINfPHI) C O S { P H I ) a  
190 
TARGET NO. 7 INCIDLNT LLUCTRON ENERGY 2.) MLV 
CHANNEL ENERGY CORRmFACTe ENGY.SPECa FXITO DOSE 
PHOTOWS/WCV R/PHOTON/ 
191 
TARGET NO. 7 INCIDENT PLCCTRON EHEROY 2.5 MEV 
CHANNEL  ENERGY 
4 1  
42 
4 3  
4 4  
45 
4 6  
4 7  
4 8  
4 9  
5f! 
5 1  
5 2  
5 3  
5 4  
55 
5 c  
5 7  
5 5  
6(! 
61  
6 2  
6 3  
454 
6 5  
66 
6 7  
6 8  
6 9  
7c  
72 
73 
74 
75 
76 
7 7  
7 8  
7 9  
P O  
T;e 
7 1  
CORRoFACT. ENGYoSPECO  FXOTO DOSE 
PHOTONSIMEV  R/PHOlON/ 
192 
1 
T,''.^ .:::Gti ?uOa 7 I N C I D E N T   L L E C T K O N   E N E R G Y  2 . 5  MEV 
E N G Y o S P E C .   F X m T O  DGSE 
PHOTONSIMEV i i / P H O T O i J /  
- E L E C T R O N  
4.914E-03 
4.47?€-1)3 
4.3C5E-P3 
3.664E-n3 
3 .337E-03 
3. 1 0 3 ~ - 0 3  
2. 676E-03 
2.443E-Q3 
2 . 1 3 1 ~ - m  
1.99EE-03 
I 69rJE-03 
1.. 496E-03 
1 0 4 6 2 E - 0 3  
1 21 5E-03 
193 
TARGET NO. 7 INCIDENT ELECTRON ENERGY 2.5 MLV 
CHANNEL ENERGY 
1 2 1  
1 2 2  
1 2 3  
1 7 4  
1 2 5  
! 26 
1 7 7  
1 2 P  
12s 
130 
1 3 1  
1 3 2  
133 
1 3 4  
135 
1 3 6  
1 3 7  
1 3 8  
139  
140  
1 4 1  
142 
1 4 3  
1.44 
1 4 5  
1 4 6  
1 4 7  
1 4 @  
1 4 9  
15p 
1 5 1  
1 5 2  
1 5 3  
154  
C O R R e f A C T e  ENCI.SPEC. CX.tO oosc 
PHOTONS/MCV R/PHOTON/ 
194 
" 
f4RGET NO. R I N C I O E N T  ELECTRON E N E R G Y  2.5 VEV 
C P o  NET P U L S E  HEIGHT S P E C T R U C   M U L T I P L I E D   B Y  2 P I   S I N ( P H 1 )   C O S ( P H I 1 .  
195 
TARGET NO. a INCIDENT ELECTRON ENERGY 2.5 MCV 
CHANNEL  ENERGY CORROFACT.  ENGYeSPEC.  FXoTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
-ELECTRON 
1.187E-nl 
1.21 8E-nl  
9.763E-02 
7.966E-02 
6.645E-nZ 
5 72  3 E 4 2  
4.863E-Ot 
4.152E-f?2 
3.594E-02 
3.095E-f’2 
2.674E-62 
2.356E-C? 
196 
TARGET NO. 8 INCIDENT ELECTRON ENERGY 204 MLV 
CHANNEL ENERGY 
4 1  
4 2  
4 3  
44  
4 5  
4 6  
4 7  
4r! 
4 9  
5 0  
5 1  
5 2  
5 3  
54 
5 5  
s t  
57  
59  
60 
6 1  
6 2  
6 3  
64  
6 5  
156 
6 7  
6 P  
6 9  
7 0  
'1 
7 2  
7 3  
74 
75  
7 6  
7 7  
711 
7 s  
13c 
5 e  
CORRoFACf. ENGYoSPEC. FXo'IO OOSE 
PHOTONS/MtV  R/PHOTON/ 
197 
TARGET NO. 8 INCIDENT  ELECTRON ENERGY ZmS MEV 
CHANNEL ENERGY E NGY i SPEC FX TO DOSE 
PHOTONS/MEV  R/PHOTON/ 
198 
TARGET NO. 8 INCIDENT  ELECTRON ENERGY 209 MEV 
CHANNEL  ENERGY 
KEV 
CORRoFACTo ENGYoSPECo fX.TO DOSE 
PHOTONWHEV R/PHOTON/ 
casE= I.I~~E-II R-SQ.CM./ELECTRON 
199 
T A R G E T  NO. 9 INCIDENT ELECTRON ENERGY 2.5  YEV 
6 
9 
1 2  
1 5  
18 
2 1  
24 
77 
3" 
3 2  
f b  
39  
4 2  
4 5  
48  
5 1  
54 
5 7  
6'1 
6? 
6 6  
6$ 
75  
7 e  
R l  
e4 
n7 
9n 
9 3  
06  
9 9  
l " 2  
l " 5  
111 
114 
117 
12n  
1 2 3  
136  
1 2 9  
132 
1 3 5  
1 3 3  
' 4  1 
144 
! 47 
1 5 n  
1 5 1  
72  
200 
TARGET NO. 9 INCIDENT ELECTRON  ENERGY 2.5 HEV 
CHANNEL  ENERGY 
KEV 
4of '74E n1  
5.7C9E @l 
7.343E 01  
8o978E C 1  
1 0 0 6 1 E  0 2  
1.325E 02 
1.388E 02 
1.552E T 2  
1.715E 0 2  
1 o 8 7 9 E  0 2  
2of'42E n2 
2.296E 0 2  
2 o 3 6 9 E   n 2  
1 . 5 3 3 E   0 2  
2o696E 0 2  
2.86OE 0 2  
3o023E c2  
3.187E 0 2  
3.350E 0 2  
3.513E  t-2 
3 o 6 7 7 E   p 2  
3.84'7E 0 2  
4of"l4E r 2  
4 o 1 6 7 E   0 2  
4 . 3 3 1 E   n 2  
4 . 4 9 4 E   0 2  
4 o 6 5 8 E   0 2  
4 .821E 0 2  
4o985E  "2  
5 . 1 4 @ E   e 2  
5o3LZE 0 2  
5 0 4 7 5 E  n 2  
5 o t 3 9 E  f'2 
5.802E r)2 
5 o 9 6 6 E   0 2  
C o t 2 9 E  0 2  
6 0 2 9 3 E  0 2  
Co456E ('2 
6oh20E '32 
6 o 7 8 3 E  q2 
ENCYoSPECo F X o T O  DOSE 
PHOTONS/WEV  R/PHOTON/ 
201 
TARGET NO. 9 INCIDENT ELECTRON ENERGY 2.5 MEV 
CHANNEL ENERGY 
4 1  
4 2  
4 1  
4 4  
45 
4 t  
47  
4 8  
49  
5fl 
5 1  
52  
5 3  
5 4  
5 5  
5 c  
5 7  
5e  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
65  
6 6  
6 7  
h 8  
6 9  
7 P  
71 
'2 
7 3  
74 
75 
76  
77  
78  
7 9  
RP 
ENGYDSPECO FXmTO DOSE 
PHOTONS/MEV R/PHOTON/ 
202 
TARGET NO. 9 INCIDENT ELECTRON  ENERGY 205 MEV 
CHANNEL  ENERGY CORRaFACTo  ENCYsSPECo  fX TO OOSE 
PHOTONS0MEV  R/PHOTON/ 
-ELECTRON 
I .nRlE-03 
606r)ZE-C13 
5. 974E-03 
50 579E-03 
4.884E-03 
4. 423E-63 
3.954E-03 
3. 73 SE-03 
3. 3 3 6 E 4 3  
2.992E-tl3 
2.456E-03 
20363E-03 
2.128E-n3 
1.771E-03 
203 
TARGET NO. 9 INCIDfNT ELECTRON ENLROY 2.6 M W  
CHANNEL ENERGY 
1 2 1  
1 2 2  
1 2 3  
I74 
12s 
I26 
I 2 7  
1 2 e  
1 2 9  
13P 
131 
1 3 2  
1 3 3  
1 3 4  
1 3 5  
I 3 6  
1 3 7  
139 
14C 
141 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
I 4 9  
156 
151 
1 5 2  
1 5 3  
1 5 4  
1 3 8  
1 4 8  
KCV 
2 . 0 0 2 E   0 3  
2mP19E 0 3  
2.033E 0 3  
2."!52E 0 3  
Zof'68E 03 
2.084E 0 3  
2.101E 03 
2 .117E  @3 
2 . 1 3 3 E   0 3  
2olSOE C3 
2.166E 03 
2 0 1 8 2 E   @ 3  
2ml99E 03 
2 .215E 0 3  
20231E @ 3  
2.2486 03 
2 . 2 6 4 E   0 3  
2. 28@E 6 3  
2.297E 6 3  
2.313E 0 3  
2.329E 0 3  
2m346E 03 
2.362E 03 
2.?78E 0 3  
2.395E 03  
2 . 4 1 1 E   0 3  
2 . 4 2 8 E   0 3  
2 . 4 4 4 E   0 3  
2.46bE 0 3  
2.471E 0 3  
2.493E  C3 
2.509E 0 3  
2.526E 0 3  
2.542E 0 3  
CORReFACTo ENGYeSPECo f X o T O  DOSE 
PHOTONSIMEV  R/PHOTON/ 
-ELECTRON 
DOSE SPEC 
R-SO CHo I 
MEV-ELEC 
204 
TARGET NO. 1 2  XNCIDENT ELECTRON ENERGY 2.5 PEV 
CHm NET PULSE  HEIGHT  SPECTRUP  IULTIPlIED BY 2 P I   S I N ( P H I 1  COS(PH1). 
205 
, 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 2.3 MEV 
CHANNEL ENERGY 
1 
2 
3 
4 
5 
6 
7 
9 
10 
1 1  
I ?  
1 3  
1 4  
1 5  
1 6  
17 
1 8  
19 
?n 
2 1  
72  
2'! 
3 4  
25  
?6 
2 7  
29 
3 n  
3 1  
32 
1 3  
3 4  
7 5  
3 t  
3 7  
3 0  
1 9  
*n 
a 
? a  
ENGYoSPECo FX-TO DOSE 
PHoTONS/MEV  R/PHOTON/ 
206 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 2 0 s  MEV 
CHANNEL  ENERGY 
4 1  
4 2  
4 3  
4 4  
4 5  
46  
4 7  
4 9  
5r! 
5 1  
5 2  
= 3  
5 4  
5 5  
5 t  
57  
5 $  
6c) 
6 1  
6 2  
6 3  
6 4  
6 5  
66 
6 7  
6 8  
E9 
70 
'I ' 1 
7 3  
7 4  
7 s  
76 
77 
7 8  
79 
an 
4 e  
s e  
ENGYmSPECe FXaTO DOSE 
PHOTONS/MEV  R/PHOTON/ 
DOSE SPEC 
R-SQ CH. / 
MEV-ELECo 
3o327E-12  
3oflRt3E-12 
2.909E-12 
2.688E-12 
2o537E-12 
2. 369E-12 
2 0   1 R l E - 1 2  
2.054E-12 
1 o933E- I  2 
1 0 8 1 7 E - 1 2  
1 696E-12 
1 595E-12  
1 .426E-12  
207 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 2 0 5  MEV 
CHANNEL  ENERGY ENGY.SPECo PX.70 DOSE 
PHOTONWMEV RIPHOTON/ 
208 
TARGET NO. 12 INCIDENT ELECTRON ENERGY 205  MEV 
CHANNEL  ENERGY 
x21 
1 2 2  
1 2 3  
1 7 4  
125 
1 Z t  
1 2 1  
1 2 e  
1 2 9  
130 
131 
1 3 2  
133 
134 
135 
136 
1 3 7  
1 3 8  
13q 
14r! 
14 1 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
146 
1 4 7  
14 B 
1 4 9  
150 
1 5 1  
1 5 2  
1 5 3  
154  
CORReFACTo 
O O S E t  4.641E-11 R~SOOCMO/ELECTRON 
ENCYeSPECo F X o T O  DOSE 
PHOTONSIMW  RIPHOTON/ 
-ELECTROW 
3 ~ 2 2 4 E - 0 4  
3.41  5E-04 
2. 284E-04 
2m039E-04 
1 4 6 9 E - 0 4  
1 52  3E-04 
9~026E-05 
6.475E-05 
5.552E-05 
2.519E-05 
a. 0 
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